
NASA TECHNICAL MEMORANDUM 

VESTA PROJECT - PHASE 0 REPORT 

Perret ,  A. 

Translation of :  
National D'Etudes Spatiales Report No. CT/PMF/APS/D/305, 
Toulouse, France, October 18, 1985, pp. 1-61 

"Projet Vesta - Rapport de Phase Id,  Centre 

(BASA-TH-885 15) VESLA P B O J E C l :  EBASE 0 
h E F O R I  ( N A S A )  7 5  p ava i l :  b l l S  HC 
AG4/EP A01 CSCL 05D 

~ a 1 - 2 2 5 5 9  

Unclas 
81/84 0049580  

NATIONAL AERONAUTICS AllD SPACE ADMINISTRATION 
WASHINGTON, D.C. 20545 SEPTEMBER 1986 



STANDARD T I T L E  PAGE 

1. Report No. 
NASA TM-88515 

2. Government Access ion  No. 

7. Author(s) 
'erret, A. 

6. Abstract 

rhis report  presents the r e su l t s  of technical s tudies  conducted a t  
X S / p M F / A P S  between October 1984 and September 1985 on the-UESTA 
iroject .  
Eeasibil i ty i n  terms of the t ra jectory and the s c i e n t i f i c  objectives,  and ' 

:o determine the type of interfaces which w i l l  be required with the Soviet: 
md t o  measure the magnitude of French par t ic ipat ion.  
Soviet report  recommends t h a t  the project enter phase A, and was approved 
)y CNES and INTERCOSMOS i n  September, 1985. The mission analysis is made 
€or a mid-1991 launch, and a development schedule fo r  an end-1992 launch 
is suggested. The'decision t o  postpone the  mission was made during the 
:ourse of the study. 

These preliminary studies were conducted t o  es tab l i sh  mission 

A j o i n t  French- 

9. Performing Orgartiration Name and Address 

Jet Propulsion Laboratory 
I800 Oak Grove D r . ,  Pasadena CA 91109 

19. Security Classif .  (of th in  report) 

JNCLASSIFIED 

h + ~ m  g ~ d M m l ~ i   ah%"^^^^^ ADMINI STRAT ION 
YASHINGTON, D.C. 20546 

10. Security Classif. (of this page) 21. NO. of Pages 22. P r i c o  

UNCLASSIFIED 68 

3. Recipient 's Catalog No. 

5. Report Dote 
SEPTEMBER 1986 

6. Performing Organization Code 

8. Performing Organization Report No. 

10. Work Un i t  No. 

1 1 .  Contract or Grant No. 
N/A 

13. Type o f  Report and Per iod Covered 
TRANSLATION 

14. Sponsoring Agency Cod. 

~ ~~~~ ~ 

5. Supplementary Notes 

rranslation of :  
1 'Etudes Spatiales , Report No. CT/PMF/APS/D/SOS , Toulouse France, 
k tobe r  18, 1985, pp. 1-61 

"Projet Vesta - Rapport de Phase fl, Centre National 

17. Key  Words (Selected by Author(s)) 18. Dis t r ibut ion Statement 

Unclassified - Unlimited 

i 
. I  N AS A-H Q 



CENTRE NATIONAL D '  ETUDES SPATIALES 
(CNES) 

VESTA PROJECT 
REPORT ON PHASE fl 

by 

(P ro jec t  Chief) 
A. Perret 

A2 



I -  

CNES 

DG 
DGA 
DGC 
D G C S  
DP/D 
DAII/D 
DP/PS/D 
DAII/CE D A U T R I A T  

DGA/PL/D 
DP/PS b e  AMMAR 

Laboratories : 

L n i v e r s i t C  d ' O i 3 5 . 4 Y  '- LANGEVTN 
MASSON 
B I B R I N G  

O b s e r v a t o i r e  ! C U D 0 F i 2  COMBES 

LAS -Marse i l l e  - CRUVELLIER 
Service  Aeronomic - BERTAUX 

- FESTO:' T A D  
A -7 A 

1-ORSAY U n i v e r s i t y  
2-MEUDON Observatory 
3 - A e r o n o m y  Service 

CNES/CST 
C T / D  
C T / P M F / D  
CT/PMF/SC 
C T / D R T / D  
CT/DRT/SST/D 
C T / D R T / A Q C / D  
CT/DRT/DI /D  
C T / D R T / T I T / D  
CT/DTI /MS/D 
CT,/DTI/PSA/D 
C T / E S O / D  
CT/PMF/APS/D 
CT/DRT/SST[SM 
CT/DRT/SST/TH 
CT/DRT/SST/SS 
CT/DRT/SST/SE 
C T / D R T / A Q C / E P  
c T / DRT / A'QC / E B 
C T / D R T / A Q C / C E  

CL' /DRT/TIT/TR 
CT/DRT/TIT/RL 
CT/DRT/TIT/TB 
CT/DRT/TIT/ IO 

CT/DTI/PSA/AP 
CT/DTI/MS/CD 

C T / D R T / D I / C E  

C T / D T I / P S A / R S  

- 

CT/DTI/MS/MN 

c T /  DTI /MS/AE 
CT/ESO/EG 
CT/'ESO/SC 

CT/'PYF/TI 

C T / D R T / B A / A E  

MXHODE 
R O L F 0  
DUCHON 
El A Q U E T 
O R G E R E T  
PRIDO 
L I K D E R  
P A H N  
S A V A R Y  
L A N N E L O N G U E  
B A R I L L O T  
OTRIO 
C O N T R E R A S -  D A R E S  
W I K T E R H O L E R  
R O Q U E S  
F O L I A R D  
Mme C A M P A N  
Mme DORIO 
B O N X E A U  

S E G U I X  
C A R O F F  
L A U R E K S  

N O U E L  - B E R N A R D  

L E R O Y  
B E G K I  
F L E U T I A U X  

VI L L -4 E Y  S 

C T / ' P M F / A P S ; ' C ' E S T A  j coFie s 
DTI:'D 
I K D  'D 
I X D .  I M  

i 



TABLE OF CONTENTS 

INTRODUCTION 

.General  Features of t h e  Miss ion  

1. SCIENTIFIC MISSION 

1.1. S c i e n t i f i c  O b j e c t i v e s  

1 . 2 .  S c i e n t i f i c  P a y l o a d  

1.3. E x p e r i m e n t a l  S e q u e n c e  f o r  a F l y - B y  

2.  TECHNICAL DESCRIPTION 

2 .1 .  A n a l y s i s  of B a s i c  Constraints  

2 . 1 . 1 .  S c i e n t i f i c  C o n s t r a i n t s  
2 . 1 . 2 .  Soviet  Interface C o n s t r a i n t s  

2 . 2  Mission Analysis  
2 . 3  Spacecraft Design and S u b s y s t e m  Description 

2 . 4  Systems A n a l y s i s  

2 . 5  Operat ions and Ground S e g m e n t  
2 . 6  P o i n t s  R e q u i r i n g  Special  S t u d i e s  
2 . 6 . 1 .  Mission A n a l y s i s  
2 . 6 . 2 .  S c i e n t i f i c  Payload 

2 .6 .3 .  Spacecraft 
2 . 6 . 4 .  Ground Segment/Operations 

3 .  PROJECT MANAGEMENT 

3 . 1  P r o g r a m  Schedule 

3 . 2  P r o g r a m  P l a n n i n g  

4. REFERENCES 

ii 



4 . 

INTRODUCTION 

CENTRE N A T I O N A L B  D ' E T U D E S  S P A T I A L E S  I G N E S )  
TouZouss  O c t  1 8  1 9 8 5  - C T / P M F / A P S / D / 3 0 5  

VESTA PROJECT - REPORT ON PHASE 

by 
A. P e r r e t *  

VESTA P r o j e c t  Chief 

/3** 

This  r e p o r t  p r e s e n t s  the r e s u l t s  of t e c h n i c a l  s t u d i e s  con4 

ducted  a t  CNES/PMF/APS between October 1984 and September 1985 on 
t h e  VESTA p r d j e c t .  

These p r e l i m i n a r y  s t u d i e s  w e r e  conducted t o  e s t a b l i s h  m i s s i o n  
f e a s i b i l i t y  i n  terms of the t r a j e c t o r y  and t h e  s c i e n t i f i c  objec- 
t i v e s ,  t o  determine t h e  type  of i n t e r f a c e s  which w i l l  be r e q u i r e d  
w i t h  t h e  S o v i e t s  and t o  m e a s u r e  t h e  magnitude of French p a r t i c i p a -  
t i o n .  

During t h e  same perhod, t h e  Soviets conducted a similar s tudy  
on t h e i r  p a r t  of t h e  m i s s i o n ,  i . e .  launching  and s tudy  of Venus. 

A j o i n t  r e p o r t  was w r i t t e n  t o  s u g g e s t  t h a t  t h e  
i n t o  phase A ,  and w a s  approved by t h e  p r e s i d e n t s  of 
TERCOSMOS i n  September 2985. 

- 

I n  t h i s  s t u d y  a m i s s i o n  a n a l y s i s  i s  made f o r  a 
i n g  whereas a development schedule i s  sugges ted  fo r  
toward t h e  end of 9 2 .  The d e c i s i o n  t o  pos tpone  t h e  

p r o j e c t  go 
CNES and I N -  

mid-9 1 launch- 

a launching  
mis s ion  w a s  

made du r ing  t h e  c o u r s e  of the  s tudy .  
t o  c a l c u l a t e  new t r a j e c t o r i e s  and t o  i n t r o d u c e  them i n  t h i s  r e p o r t .  

W e  d i d  n o t  have enough t i m e  

General  C h a r a c t e r i s t i c s  of t h e  Mission / 4  

The VESTA M i s s i o n  f o r  t h e  s tudy  of Venus and s m a l l  bod ie s  
w i l l  be  launched i n  D e c e m b e r  1992 - January 1993 w i t h  a P ro ton  

- 
*Authors: A.  Perret, D. Moura, J . Y .  Prado,  J . P .  L e f a u r e , . J .  F d l l i a r d  
**Numbers i n  t h e  margin i n d i c a t e  p a g i n a t i o n  i n  t h e  o r i g i n a l  t e x t .  
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l auncher  over  a t r a n s f e r  t r a j e c t o r y  t o  Venus. About 5 bons w i l l  
be r e l e a s e d  f r o m  t h e  p u l l  o f  t h e  Ea r th  i n  a j o i n t  launching.  I t  

w i l l  be d i v i d e d  i n t o  t h r e e  p a r t s :  a French s a t e l l i t e  d e d i c a t e d  t o  
f l y i n g  over asteroids o r  comets of t h e  main b e l t ,  a Soviet sphe re  

o f  r e - e n t r y  i n t o  t h e  atmosphere of  Venus and a S o v i e t  s p a c e e t a f t  
which a f te r  dropping t h e  sphere du r ing  t h e  f l i g h t  over Venus, con- 
t i n u e s  i t s  way t o  f l y  over a n  Appolo-Amor a s t e r o i d  or t o  conduct  

a s t r o p h y s i c s  exper iments .  A supplemental  spakec ra fk  i s  under s tudy:  
a l a n d e r  or p e n e t r a t o r  ove r  one of t h e  a s t e r o i d s  (see f i g u r e  1). 

The miss ion  w i l l  be doubled, i . e .  t h a t  t w o  l aunchings  w i l l  
be  made a few days a p a r t  w i t h  i d e n t i c a l  s p a c e c r a f t  and s c i e n t i f i c  
o b j e c t i v e s ,  b u t  t h e  t a r g e t s  ( a s t e r o i d s  or  l a n d i n g .  sites on Venus) 
may be d i f f e r e n t .  

Venus w i l l  be flown over i n  mid-1993, t h e  Appolo-Amor aster- 
o i d  i n  t h e  middle  of 1993 and t h e  a s t e r o i d s  of t h e  main be l t  i n  

1994-1996. 

TheVENUSMission /5 

I n  mid-1993, t h e  descent module w i l l  s e p a r a t e  from t h e  Soviet  
f ly -ove r  v e h i c l e  and p e n e t r a t e  i n t o  t h e  atmosphere a t  a speed of 
11 .6  km/s. 

I t  c a r r i e s  several subvehic les  f o r  s tudy ing  t h e  atmosphere 

and t h e s u r f a c e  of Venus (p l ane ta ry  probe ,  f l o a t i n g  probe ,  land-  
i n g  p r o b e ) .  

The APPOLO-AMOR Mission 
The S o v i e t  v e h i c l e s  w i l l  c o n t i n u e  the i l i  t r a j e c t o r y  t o  f l y  

o v e r  an a s t e r o i d  ( t y p i c a l l y  Anteros,  d iameter  of 2.5 k m )  a t  a 
speed of 7 t o  8 km/s and a t  a d i s t a n c e  of 1 , 0 0 0  km. An a d j u s t -  
a b l e  in s t rumen t -ca r ry ing  platform makes i t  p o s s i b l e  t o  a i m  a t  
t h e  a s t e r o i d  du r ing  t h e  f ly-over .  

2 



The SLYALL BODIES Mission /5 

Two French sa te l l i t es  f o r  s m a l l  b o d i e s ,  which are autonomous 
as of thci i r  l aunch ,  r e j o i n  t h e  main a s t e r o i d  b e l t  ( 3  UA) 

a f t e r  a f ly-over  wi th  g r a v i t a t i o n a l a s s i s t a n c e  from Venus then  f r o m  
t h e  EArth. The i r  objective is t o  f l y  over each  of t h e  t h r e e  
l a r g e  a s t e r o i d s  ( d i m .  >)60 km) or t w o  asteroids and a cometary 
nuc leus .  AccuraQe targets are  n o t  y e t  i d e n t i f i e d .  

The f l y - o v e r s  took paace a t  a minimum d i s t a n c e  of 500 t o  
1 , 0 0 0  km f o r  speeds  between 4 and 1 2  km/s. The f l i g h t  over  a 

.- cometary nucleus is: l i k e l y  t o  e n t a i l  h i g h e r  v a l u e s .  The s c i e n t i f -  
i c  payload,  w i t h  a t o t a l  m a s s  of about  80 kg ,  i s  d i s t r i b u t e d  between 
an o r i e n t a b l e  p l a t fo rm ( 6 0  kg)  and t h e  s a t e l l i t e  body. A measure- 
ment w i l l  be done of t h e  a s t e r o i d  m a s s  by de te rmining  how f a r  a 
tes t  m a s s  wqnders off  course. 

A payload of t h e  autonomous s p a c e c r a f t  sugges ted  by t h e  S o v i e t  / 6  

team should  be looked a t  c l o s e l y .  
Owing t o  i t s  c h a r a c t e r i s t i c s  ( m a s s ,  volume) and t h e  c o n s t r a i n t s  
i t  has  on the t r a j e c t o r y  and o p e r a t i o n s ,  it p l a y s  a c o n s i d e r a b l e  
r o l e  i n  t h e m i s s i o n  d e f i n i t i o n .  

I t  is  a n  as teroid p e n e t r a t o r .  

It  w a s  n o t  a c t u a l l y  inc luded  i n  
t h i s  r e p o r t .  

1 - SCIENTIFIC MISSION 

1.1 - O b j e c t i v e s  

1.1.1 - S c i e n t i f i c  Objec t ives  

/7 

-Determining d u r a t i o n  and s p i n  a x i s .  

The o b s e r v a t i o n  d i s t a n c e  must be such t h a t :  

. t h e  

. t h e  
. t h e  

are  

ground r e s o l u t i o n  be 18 of t h e  a s t e r o i d  d i ame te r ;  
image of  any a s t e r o i d  be i n  t h e  CCD m a t r i x ;  
t o t a l  o b s e r v a t i o n  t i m e  covers complete a s t e r o i d  s p i n ;  images 

made a t  r e g u l a r  i n t e r v a l s .  
3 
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AUTONOMOUS SPACECRAFT 

LANOER ? 

BELTOR 
COMET 

NEAR EARTH ASTEROID 
-ASTEROID 

LANDER ? SOVIET MISSION : 

DURATION<2 YEARS 
SUN DISTANCE C 1,s AU VENUS ENCOUNTER GEOMETRY 

Fig.1 : M i s s i o n  VESTA 

These measurements w i l l  be aacomplished d u r i n g  t h e  APPROACH 

and WITHDRAWAL phases .  

-Determinat ion of a s t e r o i d  volume and form. 

The o b s e r v a t i o n  d i s t a n c e  shou ld  be such t h a t  the ground 

r e s o l u t i o n  i s  - 1 k m .  

These measurements w i l l  be accomplished d u r i n g  t h e  APPROACH 

and WITHDRAWAL phases .  

-Mass Measurement: 

. e i t h e r  by de te rmining  how f a r  a b a l l  e j e c t e d  f r o m  t h e  auton-  
omous s p a c e c r a f t  i s  off  course because of t h e  a s t e r o i d ;  

These measurements w i l l  be accomplished du r ing  t h e  TEST 

MASS phase .  

. e i t h e r  w i th  a n  I N  SITU measurement  of t h e  a s t e r o i d  g r a v i t y  

us ing  a gravimeter  i n s t a l l e d  on a p e n e t r a t o r ;  
4 



.or by de termining  how f a r  t h e  autonomous s p a c e c r a f t  i s  
o f f  cour se .  

-Measurement of t h e  magnetic f i e l d :  

Based on t h e  assumpdiion of a l . l o w  magnet ic  f i e l d ,  t h e s e  
measurements may o n l y  be accomplished I N  SITU u s i n g  a magnetometer 

p l a c e d  on a p e n e t r a t o r .  

- C h a r a c t e r i s t i c s  and Morphology of t h e  Sur face  u s i n g  imagery 
( p o s s i b l y  s t e r e o s c o p i c  imagery) by means o f :  

.an o p t i c a l  system w i t h  a l o w  (710 m) and. average ( -100  m)  
I 

r e s o l u t i o n ,  

.a r a d i o e l e c t r i c  system. 

These measurements will be accomplished du r ing  t h e  FLY-OVER 
phase  closest  t o  t h e  a s t e r o i d .  

-Chemical and m i n e r a l o g i c a l  p r o p e r t i e s  

. e i t h e r  w i th  I N  SITU measurements = Ins t rumen t s  l o c a t e d  
on a l a n d i n g  probe; 

.or f r o m  a n  autonomous s p a c e c r a f t  w i t h  V I S  and I.R. spec t ro -  

m e t r i c  measurements. 

These measurements will be  accomplished du r ing  t h e  FLY-OVER 
phase.  

1 . 1 . 2  - Technica l  Objectives 

The o p t 4 c a l  imagery system should  provide :  

-. 
.A t r a j e c t o r y  c o r r e c t i o n  p r i o r  t o  t h e  f ly -ove r  = a s t e r o i d  

d e t e c t i o n  i n  a f i e l d  o f  known stars and t r a n s m i s s i o n  of t h e  image 
t o  t h e  ground. 

5 



. 
+NAVIGATION phase 

. o rken t ing  a d j u s t a b l e  p la t form + p o s s i b l y  on ienka t ion  cor- 
r e c t i o n  t o  a s t e r o i d  du r ing  t h e  APPROACH --- and WITHDRAWAL phases .  

1 . 2  - S c i e n t i f i c  Payload Model 

1 . 2 . 1  Payload Organiza t ion  

One p a r t  of t h e  payload is i n s t a l l q d  on  t h e  o r 6 e n t a b l e  p l a t -  
form, t h e  o t h e r  on t h e  autonomous s p a c e c r a f t :  

- 0 r i e n t a b l e  p l a t fo rm:  

.h igh  r e s o l u t i o n  carnaer (CHR) 

. l a r g e  a n g l e  camera (CGA) 

. i n f  ra-red camera ( C I R )  

. ulkratwiolekt spectrometery CSW) 

. a l t i m e t e r / r a d i o m e t e r  r ada r  (RAR) 

-Body of autonomous spacec ra f t :  
----; c. ar-c tc  . bU&U,,*b uu-u-,  

. z o d i a c a l  l i g h t ,  

. t es t  masses. 

The system i s  managed by a payload  management module (MGCU).  

1 . 2 . 2  High Reso lu t ion  Camera (CHR) 

OBJECTIVE: 

Th i s  imagery system makes it p o s s i b l e  t o  de te rmine  t h e  d i -  
mension, form and volume and p e r i o d  of t h e  i n c l i n a t i o n  of t h e  
s m a l l  body s p i n  a x i s .  

During t h e  - f ly -ove r  phase = s u r f a c e  p r o p e r t i e s .  
During t h e  t es t  m a s s  phase = a s t e r o i d  m a s s  by lmoni tor ing  t h e  

t e s t  m a s s .  

6 



During t h e  nav iga t ion  phase = bes ides  t h e  s c i en t i f i c  objec-  /8 

t i v e ,  t h e  h igh  r e s o l u t i o n  camera should pe rmi t  h h e l a c q u i s i t i o n  
of s m a l l  bod ie s  for  t h e  t r a j e c t o r y  correction phases  of t h e  au- 

tonomous s p a c e c r a f t .  

EXPERIMENTAL FEATURES : 
. f o c u s  = 1200 m 
. f i e l d  of view = 6O8 
. t y p e  of  d e t e c t o r  = CCD (512 X 512 p i x e l )  

. angu la r  r e s o l u t i o n  ( a l t i t u d e  500 km) = 125 m/pixel 

.ground r e s o l u t i o n  ( a l t i t u d e  500 km) = 125 m/pixel 

. s p e c t r a l  range  = 0 .3  t o  1 prn 

. d e t e c t i o n  of small bod ies  (type S)  = D - 1 .6 .10  Xj3- km '5 - 

fl d iame te r  of as teroid 

TECHNICAL FEATURES : 

.dimensions 600 X 150 X 150 

. m a s s  7 kg 

. t e l e m e t r y  1 M B / i m a g e  ( (with dompression of data stbred i n  b u f f e r  

.power consumption: 25 W 

.CCD coo l ing :  v ia  p a s s i v e  radiator  + P e l t i e r  e f f e c t .  

memory 

During t h e  - n a v i g a t i o n  phase = Besides s c i e n t i f i c  objective 
t h e  h igh  r e s o l u t i o n  camera should p e r m i t  t h e  a c q u i s i t i o n  of 
s m a l l  bod ie s  for  t r a j e c t o r y  c o r r e c t i o n  phases  of t h e  autonomous 
s p a c e c r a f t .  

/9 

EXPERIMENTAL FEATURES: 

. f o c a l  d i s t a n c e  = 1 2 0 0  mm 

. f i e l d  of view = 0 . 6 O  

. d e t e c t o r  t ype  = CCD (512 X 512  p i x e l )  

. a n g l u l a r  r e s o l u t i o n  = 2.5 a r  s e c . / p i x e l )  

. s p e c t r a l  range:  0 . 3  t o  1 w 

. s m a l l  body d e t e c t i o n  ( t y p e  S )  = D - 6 . 1 0  x j3 km 

.ground r e s o l u t i o n  ( a l t i t u d e  500 km) = 6.25 m/pixel.  

5 
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Remark: P o s s i b l e  a d d i t i o n  of a second d e f o c a l i z e d  channel  for 

monitor ing t h e  t e s t  mass. 

TECHNICAL FEATURES: 
.dimensions = 1000 X 300 

. m a s s  = 15 kg 

. t e l e m e t r y  = 1 MB/image ( w i t h  data compression)  stored i n  b u f f e r  
memory 

.power consumption - 25 W 

.CCD coo l ing  = v i a  p a s s i v e  r a d i a t o r  $I Peltier effect .  

LOCATION : 

.On - o r i e n t a b l e  p l a t f o r m  (PFO) 

1 . 2 . 3  Wide Angle C a m e r a  (CGA) 

OBJECTIVE: 

During the f ly -ove r  phase,  i t  measures t h e  s u r f a c e  c h a r a c t e r -  

i s t ics  of small bodies. 

During t h e  Approach/Withdrawal phase ,  it correst t h e  orien- 
t a t i o n  of the a d j u s t a b l e  p la t form.  

EXPERIMENTAL FEATURES 
. f o c a l  = 105 mm 
. f i e l d  of  v i e w  6 O 8  

. d e t e c t o r  t y p e  = CCD (512 X 5 1 2  p i x e l )  

. angu la r  r e s o l u t i o n  = 36.25 a r / p i x e l  

.ground r e s o l u t i o n  ( a l t i t u d e  500  k m )  = 125 m/; ixel  

. s p e c t r a l  range  = 0 .3  t o  1 p = 0.3 t o  1 pm 

. s m a l l  body dekec t ion  ( t y p e  S) = D = 1 . 6 . 1 0  X@- km. 5 

a asteroid d iame te r  

8 



TECHNICAL FEATURES: 

.dimensions 600 X 150 X 1 5 0  

.mass 7 kg 

. t e l eme t ry  1 MB/image (wi th  compression of d a t a  s t o r e d  i n  1 b u f f e r  

memory) 
.power consumption: 25 K 

.CCD coo l ing :  p a s s i v e  r a d i a t o r  + Pel t ie r  effect .  

LOCATION: .On o r i e n t a b l e  p l a t fo rm (PFO) 

1 . 2 . 4  I n f  ra-Red C a m e r a  (CIR) 

OBJECTIVE 
. .  

During the f l y - o v e r  phase,  t h e  I R  camera i s  used t o  de termine  

t h e  s u r f a c e  f e a t u r e s  = minera log ica l  and chemical  composi t ion 
r a t i o s .  

EXPERIMENTAL FEATURES: 
. F i e l d  of view = 6 O 5  

. s p e c t r a l  r e s o l u t i o n  = h = 50 

. angd la r  r e s o l u t i o n  = 1 2  a r  min/pixel  

. s p e c t r a l  r e s o l u t i o n  = 1 km/pixel 

. s p e c t r a l  ranges  -800 t o  1800 nm 
-1800 t o  3600 IUII 

-3600 t o  6000 IUII 

.detector types  = mosaic = 32 X 32 p i x e l .  

TECHNICAL FEATURES 

.dimensions 1 0 0 0  X 250 X 250 

.weight  = 1 7  kg 

. t e l e m e t r y  = 0.82 MB/image s t o r e d  i n  b u f f e r  memory 

.mosaic cool ing:  80°K = cryogenic helium machine 

.power consumption: .70 W when p l a c e d  on c o l d  (5  min.1 
.55 W during o b s e r v a t i o n  t i m e .  
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LOCATION: .On - o r i e n t a b l e  platform (PFO) 

1.2.5 - W Spect rometer  (SUV)  

OBJECTIVE: t h e  in s t rumen t  i s  used 

. t o  determine t h e  abundance of t h e  coma components, 

. t o  monitor  a c t i v i t y  of t h e  nuc leus ,  

. t o  measure t h e  a lbedo  of t h e  nuc leus  and d u s t s ;  
Jhen  a comet p a s s e s  close by; 

. t o  measure t h e  s u r f a c e  albedo t o  determine an UV car thography 
and t h e  nonhomogeneities during a f l i g h t  over a s t e r o i d s .  

EXPERIMENTAL FEATURES : 
.Field of view = 5 arc min 
.ground r e s o l u t i o n  ( a l t i t u d e  500 km) = 1 0 0  rn 
. s p e c t r a l  r e s o l u t i o n  = 5 t o  1 0  A 

. s p e c t r a l  range  = 1153 t o  3500 A .  

0 

0 

TECHNICAL FEATURES : 
.weight < 10 kg. 

LOCATION: . O v e r  o r i e n t a b l e  p la t form (PFO). 

1 . 2 . 6  A l t i m e t e r / R a d i o m e t e r  Radar (.RAR) 

OBJECTIVE : 

.ALTIMETER - RADAR enab le s :  

- in format ion  ko be obta ined  on p h y s i c a l  p r o p e r t i e s ,  and t h e r e -  

fore  on t h e  composi t ion of m a t e r i a l s  on t h e  s u r f a c e ;  

- t h e  v a r i a t i o n  of t h e  thermal f l u x  t o  b e  measured of r e g i o n s  
l o c a t e d  on e i t h e r  s i d e  of the  t e rmina to r ;  

-a topograph ica l  s tudy  to  be conducted. 



.MICROWAVE RADIOMETER: 

-s tudy of t h e  s u r f a c e  e m i s s i v i t y  and subsu r face  tempera ture  

g r a d i e n t s .  

EXPERIMENTAL AND TECHNICAL FEATURES 

The c o n c l u s i o n s  of t h e  Radar group which performed a prel im- 
i n a r y  assessment  of t h e  s c i en t i f i c  and t e c h n i c a l  a s p e x t s  of t h e  
a l t imetr ic  and r a d i o m e t r i c  methods are t h e  fo l lowing:  

1 - t h e  a1tiimeter;:radar is cons ide red  t o  b e  t h e  p r i n c i p a l  
i n s t rumen t  

~- - t h e  m i c r o w a v e  rad iometer  is  cons ide red  t o  be t h e  a u x i l i a r y  
i n s t r u m e n t  

2 - recommendation to  fo l lowing  du r ing  phase A: 

I a d e t a i l e d  t e c h n i c a l  a p p a r a i s a l  

. s i m u l a t i o n  exper iments  

I n  o r d e r  t o  d e f i n e :  
. t h e  advantages  and drawbacks o f  t h e  2 t e c h n i q u e s ,  
. t h e  f requency  s e l e c t i o n ,  
. t h e  sweepingcjmode, 
. t h e  t e c h n i c a l  f e a t u r e s  o f  t h e  i n s t rumen t .  

1 . 2 . 7  C o s m i c  Dust De tec t ions  

OBJECTIVE 

T o  o b t a i n  a more a c c u r a t e  r e p r e s e n t a t i o n  of t h e  p a r t i c l e  

p o p u l a t i o n  i n  t h e  a s t e r o i d a l  b e l t ,  and of i t s  v i r a t i o n  i n  t h e  
v i c i n i t y  of t h e  a s t e r o i d s  and comets. 

EXPERIMENTAL FEATURES 

.Method: t o  measure t h e  c a p a c i t a t i v e  impacts  w i t h  a detector: 
t o  record c a p a c i t o r  d i scha rges  toward a p l ane  produced by t h e  impact 
of a p a r t i c l e  moving a t  high speed;  
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< m < g. -12  .Mass of: d u s t  d e t e c t e d  = 1 0  

. d e t e c t o r s  w i th  a d i f f e r e n t  d i e l e c b r i c  t h i c k n e s s  ( cap ton)  

(between 5 and 1 0 0  p); 

. F l i g h t  sequence: .during t h e  Earth-Venus p a t h ,  
.from a d i s t a n c e  > ua ,  s t eady  s t a t e  o p e r a t i o n .  

TECHNICAL FEATURES 

. dime ns i ons =500 X 200 X 100 

.weight - 1 kg 

.e lec t r ica l  power consumption = 0.5 W 

. t e l e m e t r y  = 300 B/day 

. b u f f e r  memory for  s t o r i n g  informat ion  du r ing  2 months ( -20  K B ) .  

LOCATION 

On t h e  body of t h e  autonomous s p a c e c r a f t ,  the co l lec t ion  s u r -  
f a c e  should  be p e r p e n d i c u l a r  t o  t h e  speed vector. 

1.2.8 Zodiaca l  L igh t  

OBJECTIVES 
- 

.Op t i ca l  s tudy  of i n t e r p l a n e t a r y  d u s t s ,  and p a r t i c u l d r l y  
a t  t h e  l e v e l  of t h e  asteroid b e l t :  

. O p t i c a l  s tudy  of cometary d u s t s ;  

.Monitoring of a s t e r o i d  p o l a r i z a t i o n  ra te t iwi th  phase a n g l e .  

EXPERIMENTAL FEATURES 

. F i e l d  of view = 2'. 

S p e c t r a l  ranges :  3 0 0 ,  4 4 0 ,  550 and 740 nm ob ta ined  wi th  a 

mosaic of i n t e r f e r e n t i a l  f i l t e r s .  
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. A A  = nm. 

.Detector = deck of micro channels  w i th  5 anodes; 1 detec-  
t i o n  c h a i n  (photon coun t ing )  p e r  anode. 

+ . O r i e n t a t i o n  = - 90' in 2 d i r e c t i o n s .  

.Operat ing modes : 

- i n t e r p l a n e t a r y  mode = 1 cyc le  of 100  measurements eve ry  5 days ;  
- a s t e r o i d  mode - m measurement every  2 seconds.  
- c a l i b r a t i o n  mode - a f e w  measurements on a b r i l l i a n t  s ta r .  

/13 

TECHNICAL FEATURES 
.Dimension = 

-Detector u n i t  = 450 X 250 X 250; 

- E l e c t r o n i c s  = 200 X 160 X 1 4 0 .  

-i . T o t a l  weight  = 7 kg. 

.Telemetry : 
- i n t e r p l a n e t a r y  mode = 662  KB for 2 months; 
- a s t e r o i d  m o d e  = 280 BS. 

This  in fo rma t ion  i s  s t o r e d  i n  a b u f f e r  memory. 

. E l d c t r i c a l  power consumption = 8 W; 

.Detector c o o l i n g  - PLETIER Ef fec t .  

LOCATION 

.On s p a c e c r a f t  body; dur ing  t h e  f l i g h t  over  an a s t e r o i d  or  
a comet, t h e  t r a c k i n g  system w i l l  a i m  a t  s m a l l  bod ie s  based on  
guidance in fo rma t ion  provided on t h e  o r i e n t a b l e  p l a t fo rm.  
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1.2.9 T e s t  Mass 

OBJECTIVE 

.To determine the mass of  a n  asteroid by measuring changes 
i n  t h e  t r a j e c t o r y  of a t e s t  mass dropped f r o m  t h e  autonomous 

s p a c e c r a f t .  

METHOD 

.The t ra jectory modi f ica t ion  may be estimated i n  s e v e r a l  ways: 

- e i t h e r  by measuring d i r e c t i o n  changes wi th  an  o p t i c a l  TV in s t rumen t ;  
-or b y  measuring speed v a r i a t i o n s  = SINGLE PATH DOPPLER: 

-or by a l t ime t r i c  measurements of d i s t a n c e  v a r i a t i o n s .  

These t h r e e  methods were t h e  suhject of a f e a s i b i l i t y  s tudy ,  
t h e  p re l imina ry  conc lua ions  o f  which are t h e  fo l lowing:  

.it is  p o s s i b l e  to  m e a s u r e  t h e  a s t e r o i d  m a s s  w i t h  t h e  t r a j -  
ec t rog raphy  o f  a t e s t  m a s s  = 

- e i t h e r  u s ing  a r a d i o e l e c t r i c  system; 
-or u s i n g  a CHR camera i n  conjunct ion  w i t h  a d e f o c a l i z e d  observa- 

t i o n  channel .  

. T o  conclude abou t  t h e  measuring accuracy ,  it w i l l  be necessa ry  
t o  perform o b s e r v a t i o n  s imula t ions  and t o  derv ie  f r o m  t h e s e  t h e  

feasible accuracy,  a f t e r  t h e  p re l imina ry  dimensioning of t h e  in -  
s t ruments .  

1.2.10 Payload Management Module 

The MGCU w i l l  p rov ide  the i n t e r f a c e  between t h e  p robe  and 
pay load. 

.Airborne power, 

.Ground l i n k s  = TM and TC 

1 4  
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and manage t h e  payload 

. E l e c t r i c a l  power supply of the  payload 

.ope ra t ion  sequence of ins t ruments  

. s to rage  of in format ion  i n  memory t h e  f e a t u r e s  of which a r e  t h e  

f ol lowing : 

-max capac i ty  = 256 Mbit 
-access speed = 600 Kbit /sec.  

-consumption = .Watch = 15 W 

. i n  ope ra t ion  (memory access) 50 W 

-weight = 36 kg. 
. d a t a  compression. 

Constzjaint  AsslbcJlated w i t h  Access Speed i n  Bubble- Memory 

I f  w e  l e t  T = 2 s be the sum of t h e  shoot ing  t i m e ,  mat r ix  

r ead ing ,  a i r b o r n e  process ing ,  s t o r a g e  i n  a b u f f e r  memory then  i n  
a bubble  memory, 

t h e  t i m e  between 2 shots  may be less than  2 sec. 
f o r  h igh  r e s o l u t i o n ,  w i d e  a n g l e  and i n f r a - r e d  cameras.  

1.3 Experimental  Sequence 

- 

The exper imenta l  sequence is  made up of 2 t y p e s  of s e s s i o n s  = 
1 1  

-monitoring s e s s i o n s  during t h e  Earth-Venus-Earth-Small Body 
c r u i s e  phases;  

- s c i en t i f i c  s e s s i o n s  during f l i g h t s  over  sma l l  bod ie s .  

These s e s s i o n s  w i l l  be  adapted t o  t h e  miss ion  p r o f i l e .  

1 .3 .1  Mission P r o f i l e  

To p repa re  t h i s  experimental  sequence,  w e  selected a miss ion  
w i t h  2 a s t e r o i d s  decr ibed  below: 
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'IYPE OF V, ( f l /SEC)  
FLY-BY ARRIVAL DEJ?AR?uRE: FLY-BY 
DATE SPEED SPEED , DIAEIETERI, 

(KM) uw E?mm 03/05/91 3,99 / / 

-- VtNUS 20: t i / Q  1 5,52 5,50 G, 103 / 36 

3 EARTH Ol/l0/9? 8,93 9,13 4,5, lo3 / 

TYPE : A,D 
DwoULINA 2 8 / 0 1 / 9 f  3,99 4,32 500 0 ( E S T I & ) = ~  4 l 7  - I335 

la7 A 

TYPE : c 
0 143 

LAMBERTA 15/08/95 1L90 / 500 

/15 The f l i g h t  over  t h e  DEMOULINA as teroid w i l l  e n a b l e  t h e  
PENETRATEUR (PENETRATOR) mission t o  be  accomplished (V < 4 l , / s ec ) .  

1 .3 .2  Monitoring Sess ions  

OBJECTIVE 

.To make s u r e  payload equipment are o p e r a t i n g  p r o p e r l y  through- 
o u t  t h e  mission:  s c i e n t i f i c  ins t ruments  

. R e p e t i t i o n  o$ all fly-over phases  
f l i g h t  sequence, ground process ing .  

and management moduel; 

d u r i n g  t h e  c r u i s e  phase: 

D E F I N I T I O N :  

Ins t ruments  Concerned 

A l l  i n s t rumen t s  are placed i n  s e r v i c e  = t h e  sequence t o  f o l -  
l o w  w i l l  be  d e f i n e d  as a func t ion  of t h e  d e s i g n a t e d  o b j e c t i v e .  

Schedule 

1 moni tor ing  s e s s i o n  approximately eve ry  2 months, i .e .  
about  15 sessions f o r  t h i s  mission. 
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EARTH: a f e w  days a f te r  launch 
+ s i m u l a t i o n  o f  withdrawal phase w i t h  CHR + A . D .  Sequence 

f o r  o t h e r  i n s t r u m e n t s ;  
VENUS + s i m u l a t i o n  of f ly-over  and wi thdrawal  phases  ( the rma l  

c o n s t r a i n t s  p e r m i t t i n g )  ; 

EARTH + s i m u l a t i o n  of approach and f ly -ove r  phases .  

The o t h e r  o b j e c t i v e s  will be d e f i n e d  a f t e r  a n a l y s i s  of t h e  
f i n a l  miss ion .  

1.3.2.a EARTH Sess ion  N o .  1 

.Funct iona l  monitor ing of a l l  i n s t r u m e n t s  a f t e r  launch = 
6 TO + 6 days (TO = l a u n c h ) ,  i .e. a t  a. d i s t a n c e  of 2 .10  km a l l  

i n s t rumen t s  are powered up  and are o r i e n t e d  toward t h e  e a r t h .  
The high r e s o l u t i o n ,  wide angle  and i n f r a - r e d  cameras each produce 
6 images a t  r e g u l a r  t i m e  i n t e r v a l s  ( 1 0  s for  example) .  The o t h e r  

i n s t rumen t s  f u n c t i o n  cont inuously f o r  1 mn. 

Informat ion  is  stored on board.  

.Simulat ion of s p a c e c r a f t  withdrawal phase 

The h igh  r e s o l u t i o n  camera produces 5 images of t h e  Ear th  
i n  2 0  mn i n t e r v a l s  (corresponding t o  5 O  E a r t h  r o t a t i o n ) .  

Informat ion  i s  s t o r e d  on board.  

.Summary of in fo rma t ion  t o  be s t o r e d  on board ,  t hen  t o  h e  t r a n s -  /16 
m i t t e d  t o  t h e  Ear th  = -25 MB. 

1 .3 .2 .b  VENUS Sess ion  

.S imula t ion  of a f ly -ove r  phase = 
a t  TO + -30 m n ,  i . e .  a t  a d i s t a n c e  o f  about  1.5.10 4 km,  f o r  

an  o b s e r v a t i o n  p e r i o d  from VENUS of 500 s :  
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- t h e  h igh  r e s o l u t i o n  camera produces 1 0  images (1 image 

e v e r y  50 S I ;  the ground r e s o l u t i o n  is  abou t  200 m p e r  p i x e l ;  

-the wide a n g l e  and in f r a - r ed  cameras produce 3 images each;  

- the  o t h e r  i n s t r u m e n t s  o p e r a t e  con t inuous ly  du r ing  t h i s  

phase;  

- t h e  in fo rma t ion  i s  s t o r e d  on board.  

.S imula t ion  of a s p a c e c r a f t  withdrawal  phase =_ 

duces  5 images of VENUS a t  r e g u l a r  i n t e r v a l s  of  about  1 0  mn. 
a t  TO + 4 days ,  i .e. 2.106 km, t h e  h igh  r e s o l u t i o n  camera pro- 

.Summary of in fo rma t ion  t o  be s t o r e d ,  t h e n  t o  be t r a n s m i t t e d  t o  

t h e  Ea r th  = -25 NB 

1.3.2.c  EARTH S e s s i o n  N o .  2 

A l l i l r d ~ m  2634 k m  
I 

EARCIH'S FLY-BY TRATE)ZTORY \ 
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.S imula t ion  of an  Approach phase = 

a t  TO - 2.5 days,  i .e .  a t  2.106 km; t h e  h igh  r e s o l u t i o n  camera 
produces 5 images of t h e  Earth w i t h i n  20 mn i n t e r v a l s .  

The in fo rma t ion  i s  stored on board.  

.S imula t ion  of a f ly-over  phase = 
3 as of TO - 10 mn, i .e. a t  -5.10 km, 

- t h e  h igh  r e s o l u t i o n  camera produces 1 0  images (1 image 
e v e r y  2 s )  of t h e  Ea r th ,  with a ground r e s o l u t i o n  of abou t  50 m 
p e r  p i x e l ;  

" 

- t h e  w i d e  a n g l e  and<xinfra-red cameras each produce 3 images 
(1 image every 15 s )  ; 

-the o t h e r  i n s t r u m e n t s  o p e r a t e  con t inuous ly  du r ing  t h i s  phase ;  

- t h e  in fo rma t ion  i s  s t o r e d  on board.  

.Summary of i n fo rma t ion  to be stored, t h e n  t o  be t r a n s m i t t e d  t o  
t h e  E a r t h  = -25 MB. 

1.3.2.d.  O t h e r  Monitor ing Sess ions  

Each s e s s i o n  w i l l  include:  

.Aiming of o r i e n t a b l e  p la t form a t  a ce les t ia l  object: 
S imula t ion  of a Naviga t ion  phase w i t h  a h igh  r e s o l u t i o n  camera; 

.A series of t a k i n g  a i m  off this i n i t i a l  p o i n t  = 1 image 
w i l l  be produced f o r  each  s t e p  i n  t h i s  series us ing  h igh  r e s o l u -  
t i o n ,  wide ang le  and in f r a - r ed  cameras; t h e  o t h e r  i n s t r u m e n t s  
w i l l  o p e r a t e  cont inuous ly .  

.Summary of in fo rma t ion  t o  be stored, t h e n  t o  be t r a n s m i t t e d  
t o  t h e  E a r t h  = - 2 5  NB p e r  monitor ing s e s s i o n .  
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1.3 .3  S c i e n t i f i c  S e s s i o n s  

1.3.3.a.  B a s e  D a t a  

-NAVIGATI ON PHASES - 

.The o r i e n t a b l e  p la t form p r e - o r i e n t s  t h e  h i g h  r e s o l u t i o n  

camera toward t h e  asteroid. The images taken  by t h e  camera are 
t h e n  s e n t  t o  t h e  ground f o r  po rces s ing  f o r  t r a j e c t o r y  c o r r e c t i o n .  

-TEST MASS PHASE 

.The o r k n t a b l e  p la t form p r e - o r i e n t s  t h e  o p t i c a l  a x i s  of t h e  
h igh  r e s o l u t i o n  camera concur ren t ly  wi th  t h e  e j e c t i o n  a x i s  of t h e  

t es t  m a s s .  

.During t h i s  pahse  t h e r e  i s  no l i n k  wi th  t h e  Earkh; t h e  /18  
i n fo rma t ion  (-1 image every hour). is  s t o r e d  on board.  

-APPROACH AND WITHDRAWAL PHASES 

.The o r i e n t a b l e  p la t form p r e - o r i e n t s  t h e  high r e s o l u t i o n  
camera toward the asteroid; the  a i m  i s  t h e n  c o r r e c t e d  by a wide 
a n g l e  camera (-or o t h e r  system).  - 

.The o b s e r v a t i o n  d i s t a n c e  shou ld  be such  t ha t  = 

- to  de termine  t h e  r o t a t i o n  p e r i o d  and a x i s  = 0.5% < ground 
r e s o l u t i o n  < a s t e r o i d  diameter ,  

-to de te rmine  t h e  volume and form = ground r e s o l u t i o n  - 1 km.  

-the o b s e r v a t i o n  t i m e  should cover one r o t a t i o n  p e r i o d  of 
t h e  a s t e r o i d ,  

-no l i n k  w i t h  ground: in format ion  (1 i m a g e  eve ry  5 O  a s t e r o i d  
r o t a t i o n )  i s  s t o r e d  on board.  
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-FLY-OVER PHASE 

.All ins t ruments  are opera t ing  and a r e  o r i e n t e d  toward t h e  
a s t e r o i d .  The a i m  i s  co r rec t ed  using an a s t e r o i d  probe of the 
oricintab le p l a t fo rm . 

.The high r e s o l u t i o n  camera produces a m a x i m u m  number of 
images, w i th  a 1 , 5 0 %  over&apping between a ,images. 

.The w i d e  ang le  and i n f r a - r ed  cameras produce 1 a s t e r o i d  

image every 15" of relative r o t a t i o n .  

i. . In format ion  is s t o r e d  on board.  

-PENETRATOR PHASE 

.Af t e r  t h e  autonomous s p a c e c r a f t  has t r a n s m i t t e d  t h e  r e q u i r e d  
b a l l i s t i c s ,  t h e  p e n e t r a t o r  i s  dropped and autonomously o r i e n t s  it- 
self toward t h e  a s t e r o i d .  

. A f t e r ,  o r  dur ing ,  the  development of t h e  s c i e n t i f i c  m i s s i o n  
o n  t h e  asteroid, informat ion  i s  s e n t  and store on board t h e  auton-  

omous s p a c e c r a f t .  - 

1 . 3 . 3 . b ;  - The Fihight Over the Asderoid DEMOUmNA! 

During t h i s  session, the re  w i l l  be no TEST MASS phase;  
measurements w i l l  be performed I N  S I T U  using a g r a v i m e t e r i n s t a l l e d  
on  t h e  p e n e t r a t o r .  

-NAVIGATION PHASES /19 

Two nav iga t ion  s e s s i o n s  will t a k e  p l ace :  
6 .one a t  TO - 6 days ( i .e.  a t  2 . 1 0  k m ) ;  

. t h e  o t h e r  a t  TO - 2 days (i.e. 7 . 1 0  k m ) .  
5 
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-PENETRATOR PHASE 

The p e n e t r a t o r  w i l l  be dropped a t  TO - 2 hour s ,  i .e .  a t  
5 3.5.10 km. 

. A t  TO + 2 hours ,  information t r a n s m i t t e d  by t h e  p e n e t r a t o r  
w i l l  be  received and s t o r e d  on board t h e  autonomous s p a c e c r a f t .  

-APPROACH PAHSE 

3 MEasurements w i l l  be performed a t  a d i s t a n c e  between 2 . 4 . 1 0  
and 7 .2 .104  km. 

a l l ows  t h e  e n t i r e  asteroid r o t a t i o n  p e r i o d  t o  be covered wi th  a 
ground r e s o l u t i o n  between 30 M and 900 M. 

The obse rva t ion  t i m e  i s  about  5 hours .  Th i s  

.During t h i s  p e r i o d  72 images w e r e  produced w i t h  a h igh  reso- 
l u t i o n  camera, i..e. an informat ion  volume of 72 MI3 t o  be s t o r e d .  

-FLY-OVER PHASE 

.The o b s e r v a t i o n  p e r i o d  las ts  500 sec. ( f r o m  TO - 250 sec. 
t o  TO +250 sec.1, i . e .  a d i s t a n c e  between 1000 km and 500 km. 

-~ 

.The h igh  r e s o l u t i o n  camera w i l l  produce i n  a l l  25 images 
+ which; w i t h  t h e  aiming errors of abou t  - 1 5 ' ,  w i l l  e n a b l e  t h e  

e n t i r e  v i s i b l e  s u r f a c e  of the  asteroid t o  be ana lyzed  w i t h  a 
ground r e s o l u t i o n  b e t w e e n  6.25 rn and 12.5 m p e r  p i x e l .  

.The wide a n g l e  and in f r a - r ed  cameras w i l l  each produce 9 
images which w i l l  e n a b l e  t h e  e n t i r e  v i s i b l e  s u r f a c e  of t h e  aster-  
o i d  t o  be ana lyzed .  

.The o t h e r  i n s t r u m e n t s  w i l l  o p e r a t e  con t inuous ly  du r ing  
t h i s  phase.  

.The in fo rma t ion  volume t o  be s t o r e d  w i l l  be 4 4  MB. 



-WITHDRAWAL PHASE 

. I d e n t i c a l  t o  t h e  APPROACH phase.  

-TRANSMISSION OF INFORMATION TO THE EARTH 

During t h e  f l i g h t  ove r  t h e  a s t e r o i d  DEMOULINA, 188 MB i n  

a l l  were s t o r e d  i n  t h e  bubble memory. 

A f t e r  c o r r e c t i n g  t h e  t r a j e c t o r y  as ~ e d e d t o  gu ide  i tsel f  
t o  t h e  a s t e r o i d  LAMBERTA, the  h igh  g a i n  a tennna  w i l l  be  o r i e n t e d  
toward t h e  Ea r th  f o r  d a t a  t r ansmiss ion  a t  a ra te  of 0.5 k B / s ,  i.e. 
a t r a n s m i s s i o n  d u r a t i o n  of 13 days  f o r  s t a t i o n  coverage of 8 H p e r  
day. 

-SUMMARY OF F L I G H T  OVER THE ASTEROID DEMOULINA 

I ? ' 1,9.$ K1? 2 . q  7.q 3 . d  l,%,d Id 593 $ 
I I I I I I I I I -. 

Image transmission 72 Penetrator 
- t o  Earth / . -  

f.8 Stored i n  mass m e m ~ r r  TRANS~ISSION TIME 13, D. 

I 
VTSIBILITY: 8 H/Dav 
RAm: = 0.5 KWS, 

25 U 75 7c k' 1 L  25 W 

I 
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1.3.3.c - F l i g h t  Over t h e  Asteroid LAMBERTA 

-NAVIGATION PHASES 

Two nav iga t ion  sessions w i l l  t a k e  p l ace :  

.one a t  TO - 1 0  days ( i .e.  a t  l o 7  k m ) ;  

. t h e  o t h e r  a t  TO - 4 days (i.e. a t  4 .10  km). 6 

-TEST MASS PHASE 

-P r io r  t o  t h e  fly--over,  a t  TO - 48 H ,  t h e  test mass i s  
e j e c t e d  and fo l lowed by t h e  high r e s o l u t i o n  camera up t o  TO - 5 H .  
During t h i s  pe r iod ,  t h e  av ion ic s  system of the-camera c a l c u l a t e s  
t h e  r e a l  t r a j e c t o r y  of t h e  mass. 

-. 
. .  

-Af te r  t h e  f ly -ove r ,  from TO + 5 H  t o  TO + 48H, t he  h igh  

r e s o l u t i o n  camera i s  a g a i n  r e o r i e n t e d  t o  t h e  test  m a s s  based on 

t h e  preceding  c a l c u l a t i o n s .  

-The informat ion  volume is 1680 KB (-168 images a t  t h e  rate 
of 1 image p e r  h o u r ) ,  based on an a i r b o r n e  c a l c u l a t i o n  a l lowing  
only  t h e  X ,  Y coo rd ina te s  and t h e i r  range  t o  be s t o r e d  of images 
on  t h e  CCD of t h e  test mass and celestkal  o b j e c t s .  

-APPROACH PHASE 

-The measurements w i l l  b e  performed a t  a d i s t a n c e  between 

2 . 4 . 1 0  and 2.3.10 km. The o b s e r v a t i o n  t i m e  i s  about  5H t h u s  
a l lowing  coverage of t h e  e n t i r e  a s t e r o i d  r o t a t i o n ,  w i th  a ground 
r e s o l u t i o n  between 290 m and 3000 m .  

5 4 

-During t h i s  p e r i o d  72 images w e r e  produced with t h e  high 
r e s o l u t i o n  camera, i . e .  an information volume of 72 MB t o  be 
s t o r e d .  
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-FLY-OVER PHASE 

The o b s e r v a t i o n  p e r i o d  las ts  360 sec,, i .e.  a d i s t a n c e  

between 2000 and 500 km. 

The h igh  r e s o l u t i o n  camera w i l l  produce i n  a l l  6 8  images 
which will allow t h e  cont inuous band of t h e  a s t e r o i d  t o  be a n a l -  

yzed a90 km long  and 3.2 t o  1 2 . 8  km wide, w i t h  a ground r e s o l u -  
t i o n  between 6.25 m and 2 5  rn p e r  p i x e l .  

-The w i d e  a n g l e  and: \ infra-red cameras w i l l  each make 11 
images a l lowing  v i r t u a l l y  a l l  of t h e  v i s i b l e  s u r f a c e  of t h e  as- 
t e r o i d  t o  be analyzed.  

Other  i n s t rumen t s  w i l l  operabe con t inuous ly  dur ing  t h i s  phase.  

-The t o t a l  in fo rma t ion  volume t o  be s t o r e d  dur ing  t h i s  phase /22 

w i l l  be abou t  90  MB. 

-WITHDRAWAL PHASE = i d e n t i c a l  t o  t h e  APPROACH phase.  

-DATA TRANSMISSION TO THE EARTH 

During t h e  f l i g h t  over  t h e  asteroid LAMBERTA, 235 MB ( i .e.  
v i r t u a l l y  t h e  e n t i r e  storage c a p a c i t y  of t h e  bubble  memory) wexe 
s t o r e d .  

A t  t h e  end of t h e  phase of moni tor ing  t h e  test m a s s ,  t h e  
h igh  g a i n  antenna w i l l  be  o r i e n t e d  toward t h e  Ea r th  f o r  d a t a  
t r a n s m i s s i s i o n  a t  a baud of 0.5 K B / s e c , ,  i .e .  a t r a n s m i s s i o n  
t m e  a f l a b o u t  1 7  days for  a s t a t i o n  coverage of 8 H  p e r  day. 

-SUMMARY O F  E U I G H T  OVER THE ASTEROID LAMBERTA 

The summary i s  shown on t h e  nex t  page. 
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1.3.3.d - Experimental  C o n s t r a i n t s  Assoc ia ted  K i t h  Bubble 
Memory C h a r a c t e r i s t i c s  

.Summary of C h a r a c t e r i s t i c s  

-Access speed = 0.6 MB/sec. 
-Capacity = 256 MB. 

I f  w e  cons ide r  t h e  fol lowing as  c o n s t a n t :  

- t h e  in fo rma t ion  volume r e q u i r e d  d u r i n g  t h e  Approach and 

Withdrawal phases  = C = 1 4 4  MB; 

- t h e  in fo rma t ion  volume r e q u i r e d  du r ing  t h e  Fly-over phase  
f o r  a l l  i n s t rumen t s  excep t  f o r  t h e  h igh  r e s o l u t i o n  camera = C 

( C a s e  where a l l  correponding s c i e n t i f i c  o b j e c t i v e s  a r e  reached by 

30 MB. 
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l o o % ) ,  t h e  s u r f a c e  analyzed by t h e  h igh  r e s o l u t i o n  camera w i l l  
b e  l i m i t e d  by: 

i - t h e  memory access spped when t h e  o b s e r v a t i o n  d i s t a n c e  
i s  such t h a t  6.25 M < Grouf id ; reso lu t ion  < 8.75 m p e r  p i x e l .  

For  example, i n  t h e  obse rva t ion  c o n d i t i o n s  de f ined  above, 
f o r  an  a s t e r o i d  w i t h  a 100 km diameter  and a f ly -ove r  a l t i t u d e  

of 5 0 0  km, t h e  h igh  resolution camera a n a l y z e s  a cont inuous  band 
of 80 km long and 3 .2  km (at t h e  n e a r e s t )  t o  4.5 km wide. 

The table below shows the pe rcen tage  of surface ana lyzed  by 
t h e  h igh  r e s o l u t i o n  camera as a f u n c t i o n  of t h e ' d i a m e t e r  and of 
t h e  re la t ive  f ly-over speed. 

6.25 < Tzs < 8.75 m/p& 
fly-by al t i tude = 500 km. 

ii - The access speed and s t o r a g e  c a p a c i t y  of 

i f  one wanted t o  ana lyze  t h e  s u r f a c e  wi th  a ground 
> 8.75 m/pixel ,  t h e r e f o r e  a l a r g e r  s u r f a c e .  

t h e  memory 

r e s o l u t i o n  

+This i s  e s p e c i a l l y  t r u e  bedahse t h e  speed i s  l o w .  
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I n  t h e s e  cond i t ions  the re  w i l l  be a compromise t o  be found 
between t h e  sc ien t i f ic  o b j e c t i v e s  o f  t h e  Fly-over - phase,  and those  

of  t h e  APPROACH and WITHDRAWAL phases .  

2. TECHNICAL DESCRIPTION /25 

2 . 1  Analys is  of t h e  B a s i c  Cons t r a in t s  

The b a s i c  s c i e n t i f i c  o b j e c t i v e  i s  t o  f l y  over  s e v e r a l  smal l  

bod ie s  (Astero ids  of t h e  main b e l t ,  o r  As te ro id  and Comet] l oca t ed  
a t  a d i s t a n c e  of about  3 UA from t h e  sun. 

The launching i s  two-fold; t h e  miss ion  p r o f i l e s  w i l l  d i f f e r  - .  

f o r  t h e  2 v e h i c l e s .  

The Astenoids  w i l l  be flown over  a t  an a l t i t u d e  between 500 

and 1 0 0 0  km; t h e  r e l a t i v e  speed of t h e  autonomous s p a c e c r a f t  w i l l  
be between 4 km/s and 1 2  km/s. 

The ins t rumen t s  w i l l  be aimed a t  t h e  sma l l  bod ie s  dur ing  t h e  

Approach'withdrawal and f ly-over  phases  of an o r i e n t a b l e  p l a t fo rm 
whose c h a r a c t e r i s t i c s  w i l l  be t h e  fol lowing:  

i- . p r e c i s i o n  - 10' 
.aiming s t a b i l i t y  

- f o r  obse rva t ion  = 3" /s  (100 Hz t o  1 K H z )  

- f o r  naviga t ion  = 1O"/s ( 1 , H z  t o  10  Hz) 
.maximum angu la r  speed 2 O / s  

.maximum, angu la r  a c c e l e r a t i o n  3O/s 

. f i e l d s  of view: 

2 

-azimuth = 360° 
-si te = 180° 

During t h e  f ly-over  phase, t h e  aiming should  be such t h a t  
t h e  r e l a t i v e  s p a c e c r a f t  speed when brought  t o  t h e  su-rface of  t h e  
a s t e r o i d  i s  a s  slow a s  poss ib l e .  

C o n s i d e r i n g  t h e  l eng th  of t h e  m i s s i o n ,  payload moni tor ing  
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s e s s i o n s  w i l l  be performed during t h e  c r u i s e  phase  i n  a d d i t i o n  
t o  t h e  s c k e n t i f i c  s e s s i o n s  during t h e  f l i g h t  o v e r  s m a l l  bodies .  

-Resource a l l o c a t i o n  f o r  payload: 

MASS = . 6 0  kg on o r i e n t a b l e  p l a t fo rm;  
.25 kg on body of s p a c e c r a f t .  

SCIENTIFIC INFORMATION 

. s c i e n t i f i c  sessions = 256 MB a t  t h e  m o s t ;  

.monitor ing s e s s i o n s  = 25 MB a t  t h e  m o s t .  

ELECTRICAL POWER - . _  

.25 W f o r  t h e  Approach/Withdrawal phases  and t e s t  m a s s  

.160 W dur ing  fly-over phases .  

-Thermal stresses on the in s t rumen t s :  

.dur ing  o p e r a t i o n  = - 1 0 ° C  t o  + 4OOC; 

.dur ing  s torage = - 3OoC t o  + 5OOC. 

2 . 1 . 2  - Soviet  I n t e r f a c e  C o n s t r a i n t s  

These c o n t r a i n t s ,  due ho t h e  u s e  of bhe PROTON l aunche r ,  
are  of t w o  t ypes :  

Techn ica l  C o n s t r a i n t s  

I n  a d d i t i o n  t o  c a s e s  of s t a t i c  and dynamic mechanical l o a d s  

which are more severe than  those of MUA ARIANE I V ,  t h e  volume 
under t h e  nose  cone has  a c y l i n d r i c a l  pa r t  ($4 3000) of only 400 

(see f i g u r e  2 . 1 . 2 . 1 ) .  

?he separatim is accounted f o r  by t h e  S o v i e t  p a r t y  and may 

be accomplished wi th  any diameter less than  @ 1600. 

The m a x i m i m  mass of the  a s t e r o i d  probe  s h a l l  n o t  exceed 
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870 kg f o r  a d i s t a n c e  from t h e  c e n t e r  of g r a v i t y  of less than  
1 meter f r o m  t h e  s e p a r a t i o n  p l ane .  

.Miss ion  C o n s t r a i n t s  

The launching of t h e  PROTON r o c k e t  p e r  se i s  fol lowed by 

a b a l l i s t i c  phase l a s t i n g  a t  least  t w o  hour s ,  which p recedes  t h e  
i n j e c t i o n  i n t o  i n t e r p l a n e t a r y  o rb i t .  
Franco-Soviet  composite,  t h e  probe  i s  s e p a r a t e d  i n  any a t t i t u d e ,  
w i t h  r e s i d u a l  speeds of less t h a n  3 O / s .  

After s e p a r a t i o n  of t h e  

The t r a j e c t o r y  upon which t h e  probe  i s  injeccted i s  a t r a n s -  
fe r  o r b i t  toward t h e  p l a n e t  VENUS, which i s  t h e - , f i r s t  o b j e c t i v e  
o f  t h e  S o c i e t  s p a c e c r a f t  i n j e c t e d  c o n c u r r e n t l y .  The m i s s i o n ' s  
o b j e c t i v e  i s  t o  observe a s t e r o i d s ,  and w i l l  beg in  by a long t r i p  
t o  Venus, whose g r a v i t a t i o n a l  effect  w i l l  be  used  t o  modify t h e  
t r a j e c t o r y .  

p e r i a s t r o n  so as t o  be injecked i n t o  a k e t u r n  o r b i t  t o  t h e  E a r t h ,  
where a similar maneuver w i l l  occur ,  a l l owing  t h e  probe  t o  move 
toward t h e  a s t e r o i d s .  

- 

An impulse of about 100 m / s  w i l l  be g iven  t o  t h e  

The Earth-Venus-Earth phase w i l l  l a s t  abou t  14 months, and 
i n v o l v e s  s p e c i f i c  c o n s t r a i n t s  a f f e c t i n g  t h e  f o l l o w i n g  f u n c t i o n s :  

.Satel l i te  aiming system, because t h e  a n g l e  (probe-Earth,  
probe-sun) v a r i e s  du r ing  t h i i  phase between abou t  30° and 162O, 
whereas it remains i n  a much smaller f o r k  du r ing  t h e  rest of t h e  
mis s ion .  

.Thermal c o n t r o l  system, because  t h e  solar flux r e c e i v e d  
n e a r  VENUS i s  t w i c e  i s  large as  on t h e  E a r t h ' s  o r b i t .  

O r b i t a l  maneuvers t o  be accomplished a t  t h e  p e r i a s t r u m ,  
which t o  be e f f i c i e n t  must not exceed 3 0  mn i n  d u r a t i o n ,  and 

should  be a c h i e v a b l e  i n  any d i r e c t i o n .  

30 
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F i g  2 .1 .2 .1 .  Permissible V o l u m e  under N o s e  Cone 

2.2 Mission Ana lys i s  

2 . 2 . 1  D e s c r i p t i o n  of C o n s t r a i n t s  

The o b j e c t i v e  of t h e  Franco-Soviet p r o j e c t  i s  t o  s tudy  Venus 

and t h e  As te ro ids .  
The Soviet s p a c e c r a f t  s h a l l  land on a s p e c i f i c  s i t e  of Venus 
(Aphrod i t e ) .  
t i o n a l  p u l l  !(VEGA p r i n c i p l e ;  Venus - Ear th  - Grav i ty  assist) 
e n a b l i n g  m u l t i p l e  rendezvous w i t h  t h e  asberoids (or  comets) 

Two probes w i l l  be s e p a r a t e d  a f t e r  t h e  launch.  

T h e  French s p a c e c r a f t ,  w i l l  u s e  p l a n e t a r y  g r a v i t a -  

The c o n s t r a i n t s  are t h e r e f o r e  q u i t e  d i f f e r e n t  for  t h e  t w o  
mi s s ions .  

a )  C o n s t r a i n t s  

These are launching c o n s t r a i n t s .  

- C i r c u l a r  pa rk ing  orb i t  a t  a n  a l t i t u d e  of 1 7 0  km, i n c l i n a t i o n  = 

-Greenwich l o n g i t u d e  of descending node = 180° 
51'5. 

(on d a t e  of 

f i rs t  passage  a t  t h i s  node) .  

-Speed of hyperbola  a t  i n f i n i t y  = vo0< 4 km/s. 
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b) S p e c i f i c  French C o n s t r a i n t s  

Venus p e r i c e n t e r  r a d i u s  > 6850 km. 

E a r t h  p e r i c e n t e r  r a d i u s  > 7400 km. 
Mission d u r a t i o n  < 5 yea r s .  

Total  increment  - < 600 m / s .  

cl S p e c i f i c  Soviet C o n s t r a i n t s  

Ent ry  angle  of lander VE < 20" 
Landing s i te  = .120° < l o n g i t u d e  < 140° 

.-20° < l a t i t u d e  < +20° 
- - 
- - 

. .  - 

Speed a t  i n f i n i t y  < 6.2 km/s. 
(i.e. e n t r y  speed i n t o  t h e  atmosphere < 1 2  km/s) .  

- 
- 

2.2.2 T r a j e c t o r y  Research 

T h i s  research took place i n  3 steps. 

a )  Earth-Venus-Earth B a l l i s t i c  T r a j e c t o r y  Research 

Sweeping over dates 

.from 26.03.91 t o  02.07.91 f o r  Ea r th :  2-day s tep.  
. f r o m  12.09.91 t o  21.02.92 f o r  Venus: 1-day step. 
. f r o m  04.06.92 t o  17.12.92 f o r  Ea r th :  1-day s tep .  

The t h r e e  dates  s e l e c t e d  cor respond to:  

. I n f i n i t e  speed modul i  a t  Venus of less t h a n  5 km/s 

.Maximum aphe l ion  r a d i u s  (after S.B. f r o m  t h e  Ear th)  > 2 UA. 

A f t e r  p rocess ing  and analyzing t h e  r e s u l t s  i t  w a s  revealed /31 
t h a t  a p a i r  of dates (depa r tu re  f r o m  t h e  E a r t h ,  a r r iva l  a t  Venus) 
gave t w o  poss ib le  dates f 6 r  r e tu rn ing  t o  t h e  E a r t h .  

32 



ORiGlNAL PAGE IS 
OF POOR WALrn 

33 



3 0 -  

ORIGINAL PAGE IS 
OF POOR QUALm 

34 



35 



m 
4J 
c 
a, 

k u c 
-4 

h 
4J 
-4 
0 
0 

l-l 

5 

!? 
w 
0 
m 
c 
0 
-4 
4J 
1 
La 
-4 
k 
4J 
m 
-4 a 

ORIGINAL PAGE IS 
oIEpooRQuAury 

- 
0 

VI 
a0 

I- 

ul 
- .n 

VI 
ul 

5 
u 

\ 
E 
c 
-4 

a 
a, m m 
al 
k a 
X 
Q) 

# 

a 
a, 
4J 
-4 m 
-4 
3- 
m a 
-4 
0 
k 
a, 
4J 
v) 
4 
rcc 
0 

v) 
u 
-4 
4J 
v) 
-4 
k 
a, 
4J 
u 
crf 
k 
(d 
JZ 
V 

E 
U 
ul 
0 

Fl 

2 

E 
g! 

36 



Furthermore,  t h e  same date of r e t u r n  t o  t h e  E a r t h  could  
come from s e v e r a l  p a i k s ,  b u t  i n  t h i s  c a se  t h e  v a r i o u s  r e t u r n  

speeds  w e r e  s i m i l a r .  

b )  Ear th-Astero id  T r a j e c t o r y  Research 

Based on t h e  Ea r th  r e t u r n  d a t e s  and speeds ,  w e  q u a n t i f y  t h e  
swing-by cone, t h e  opening of which i s  g iven  by t h e  minimum f l y -  
over a l t i t u d e .  

This  q u a n t i f i c a t i o n  p r i n c i p l e  l e d  t o  70 c o n d i t i o n s  of depar-  
t u r e  from t h e  EArth. 

Each h e l i o c e n t r i c  t r a j e c t o r y  t h u s  c r e a t e d  is  t h u s  processed  
and deformed t o  a s s u r e a m u l t i p l e  a s t e r o i d  f l y - o v e r ,  ahd i s  t h e n  
opt imized.  

W e  t h u s  o b t a i n e d  2705 m u l t i p l e  f ly-over  t r a j e c t o r i e s .  

c )  O v e r a l l  U'rajectories 

R s \ t h e  resulbs of 2 .2 .  w e r e  s t o r e d  i n  a d a t a  base, t h e  l a t te r  
i s  q u e r i e d  t o  have d i f f e r e n t  r equ i r ed  s a t i s f a c t o r y  trajectories,  
namely : 

- in  a l l  cases, a c q u i s i t i o n  n o t i c e  > days ;  
- t o t a l  Ear th-Astero id  increment < 800 m / s  p r i o r  t o  opt imi-  

z a t i o n .  

3 

Then w e  d i v i d e d  i n t o  several t r a j e c t o r y  classes: 

- t r a j e c t o r y  c l a s s  p rov id ing  f l i g h t s  over  3 as teroids ,  
two of which are known; 

- those  which p rov ide  a f ly -ove r  of a t  l eas t  f o u r  a s t e r o i d s ,  wi th-  
o u t  s t a n d a r d  c o n s t r a i n t ;  

- t hose  which p rov ide  a f l i g h t  over a comet; -. 
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- those  which p rov ide  a landing on an  a s t e r o i d ,  namely, v e r i f y i n g :  

f ly -over  speed < 4 km/s. 

The a s t e r o i d  band used is TRIAD 70.  

The trajectories t h u s  p r e s e l e c t e d  w e r e  t h e n  opt imized  and 

t h e  f i n a l  trajectories retained are g iven  below. The s t r a t e g y  
The s t r a t e g y  i s  one maneuver for  each f ly-over .  

d )  Landing S i t e  on Venus 

A s  sthe S o v i e t  p a r t y  i s  i n t e r e s t e d  i n  u s i n g  a l a n d e r  on Venus, 
f o r  each  o v e r a l l  French t r a j e c t o r y  w e  s t u d i e d  the .  p o s s i b l e  l and ing  

s i tes  on t h i s  p l a n e t ,  f o r  va r ious  e n t r y  ang le  v a l u e  i n t o  t h e  Ven- 
u s i a n  atmosphere. 

2.3 - S p a c e c r a f t  Design and Desc r ip t ion  of sub-Systems / 34  

2.3 .1  General  S p a c e c r a f t  Conf igura t ion  

The g e n e r a l  s p a c e c r a f t  c o n f i g u r a t i o n  is  based  on t h e  selec- 
t i o n  of  t h e  fo l lowing  systems and c o n t r a i n t s :  

- 

. t y p e  of s t a b i l i z e r  

D a t a  ob ta ined  from t h e  f i r s t  mi s s ion  a n a l y s e s  and c o n d i t i o n s  
stemming f r o m  sc ien t i f ic  in s t rumen t s  l e d  t o  t h e  s e l e c t i o n  of a 3-axis  

s t a b i l i z a t i o n  mode wi th  a i rbo rne  k i n e t i c  moment. 

. t y p e  of aiming 

P r e l i m i n a r y  s t u d i e s  showed t h a t  s o l a r  aiming made it p o s s i b l e  
t o  o f f e r  b o t h  a r e l i a b l e  aiming and convenient  l i n k s  wi th  t h e  
E a r t h  du r ing  m o s t  of t h e  E a r t h / A s t e r o i d  c r u i s e  o r b i t s  (skewed 

so l a r  a i m i n g ) .  
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. d r i e n t a t i o n  of t h e  o p t i c a l  i n s t rumen t s  and of t h e  radar 

As a r e s u l t  of t h i s  requirement  t h e s e  in s t rumen t s  are i n -  

s t i a l l ed  i n  a n  o r i e n t a b l e  t u r r e t .  

t o  t h e  a i r b o r n e  k i n e t i c  m o m e n t .  

I t s  main s p i n  a x i s  is p a r a l l e l  

. power genera  ti on 

S ince  the sun moves f a r t h e r  away dur ing  t h e  f ly -ove r  phases ,  
t h e  u s e  of a n u c l e a r  reactor seems t o  be a n  i n t e r e s t i n g  poweat 
sou rce .  However, t h i s  equipment i s  a v a i l a b l e  on ly  i n  t h e  United 
States and i t s  use  w a s  r u l e d  o u t  for t h e  VESTA s p a c e c r a f t  whibh 
w i l l  be t aken  f r o m  t h e  Sovie t  Union. 
a s s o c i a t e d  wi th  b a t t e r i e s  was 
power sou rce .  

A r i g i d  s o l a r  g e n e r a t o r ,  
t h e r e f o r e  be selected as pr imary 

.TM/TC l i n k s  

The l i n k s  are c r i t i c a l  because of t h e  withdrawal of t h e  veh- 
i c l e  d u r i n g  f ly-over m i s s i o n s .  Furthermore,  fo r  costs >and< )planning 

r e a s o n s ,  t h e  use  of a n  ' 'umbrella" or  "petal" an tenna  w a s  excluded.  

The s p a c e c r a f t  c o n f i g u r a t i o n  should t h e r e f o r e  accommodate a con- 
v e n t i o n a l  antenna w i t h  m a x i m u m a l  d iameter  (Jl 1 . 4  m nomina l ly ) .  

.volume under t h e  nose-cone 

T h i s  volume (see s e c t i o n  2.1.2) is p e n a l i z i n g  because of i t s  

l a r g e  c o n i c a l  p a r t .  Th i s  c o n s t r a i n t  a long  wi th  t h e  l o c a t i o n  of 
t h e  r i g i d  solar g e n e r a t o r  m a k e s  it necessa ry  t o  u s e  a pyramidal  

s t r u c t u r e  . 

/35 

F i g u r e  2.3.1 below shows t h e  c o n f i g u r a t i o n  of t h e  VESTA 

s p a c e c r a f t  i n  o r b i t  and f i g u r e s  2.3.2 show t h e  launching conf ig-  
u r a t i o n .  
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F i g  2 . 3 . 1  - O r b i t  Conf igura t ion  

2.3.3 D e s c r i p t i o n  of Subsystems 

2 . 3 . 2 . 1  - S t r u c t u r e  and Mechanisms 

The pr imary s t r u c t u r e  is made up of a c e n t r a l  t u b e  9 940  
i n  which a hydraz ine  t ank  is located and which h a s  three i n s i d e  
s h e a r i n g  w a l l s  and o u t s i d e  wa l l s  (see f i g u r e  2.3.2.1, The -X 
side i s  s l i g h t l y  concave for lodging  a h igh  g a i n  an tenna .  

The so la r  g e n e r a t o r ,  which has  two wings w i t h  f o u r  f l a p s ,  
+ i s  s t o r e d  on t h e  - Y f a c e s  and i s  deployed w i t h  i t s  main symmetry 

a x i s  i n  t h e  X ,  Y p l ane .  

The h igh  g a i n  an tenna  is  i n s t a l l e d  on t h e  -X w a l l ,  whereas  
t h e  o r i e n t a b l e  t u r r e t  i s  i n s t a l l e d  on a c o n i c a l  e x t e n s i o n  of t h e  
c e n t r a l  tube. Retract ible  rods are l o c a t e d  upon t h e  l a t t e r  so 
as t o  lock  i t  dur ing  t h e  launch. Two motors  l i k e  t h o s e  c u r r e n t l y  

developed f o r  DRS e n a b l e  it to be aimed d u r i n g  t h e  f ly -ove r  phase  
T e s t  we igh t s  are i n s t a l l e d  on t h e  +X w a l l .  

- .  
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F i n a l l y  t h e  army ca r ry ing  t h e  magnetometer i s  mounted i n  

f o l d e d  p o s i t i o n  over t h e  - 2  wall. 
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F i g  2.3.2 - Launching Conf igu ra t ion .  Mechanical A r d h i t e c t u r e  

2.3.2.2 - H e a t  Regu la t ion  /37 

The h e a t  c o n t r o l  of t h e  s p a c e c r a f t  s h o u l d  be des igned  t o  
a d a p t  t o  l a r g e  solar  f l u x  v a r i a t i o n s  (Venus: 2,600 W/m2 - Ear th :  

1 ,350 W/m - A s t e r o i d s :  150 W/m ) and t o  r e q u i r e  minimum elec- 
t r i c a l  power consumption. 

2 2 

The s c i e n t i f i c  payload  i n s t a l l e d  i n  t h e  o r i e n t a b l e  t u r r e t  

i s  d i sconnec ted  conduc t ive ly  from t h e  s p a c e c r a f t  by t h e  aiming 

motors. Its the rma l  c o n t r o l  du r ing  t h e  v a r i o u s  envi ronmenta l  

and o p e r a t i n g  phases  is  provided by a coup l ing  which varies 
w i t h  t h e  c o l d  space  v ia  mobile f l a p s  and r a d i a t i v e  s u r f a c e s  and, 

v ia  i n a c t i v e  h e a t i n g .  The i n a c t i v e  faces are covered wi th  super -  
i n s u l a t i o n .  
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The thermal  c o n t r o l  of the  s p a c e c r a f t  sub-systems a l s o  r e q u i r e s  
r a d i a t o r s  and mobile f l a p s  whereas thermal  c o n t r o l  of t h e  tube  

w i t h  p r o g r e s s i v e  waves and i ts  supply r e q u i r e s  o n l y  a r a d i a t i v e  
s u r f a c e  and a h e a t e r  owing t o  t h e  s u b s t a n t i a l  t he rma l  power t o  
be d i s s i p a t e d .  
i c s u l a t i o n .  

The inact ive faces are a l so  covered wi th  super -  

F i g u r e  2.3.3 shows t h e  main f e a t u r e s  of t h i s  sub-system. 

C 

F i g  2.3.3 - Sub-system - Thermal Con t ro l  
Key : l-PF/CU conductive and r a d i a t i v e  decoupl ing;  

2-General s u p e r i n s u l a t i o n  of  o u t s i d e  s u r f a c e s ;  
3-General pass ive  con t ro l  by r a d i a t o r s  and 

the rma l  f l a p s ;  
TOP r a d i a t o r s  and b a t t e r y ,  s u r f a c e s  n o t  r e c e i v i n g  
s u n l i g h t  + h e a t e r s  

4-Active c o n t r o l  of RCS; 
5-Control of CU e l e c t r o n i c  system by thermal  f l a p s  

and r a d i a t o r s  compensated by heaters; 
6-CU p a r t i t i o n e d  i n t o  3 dncoupled pocke t s  

( t o  be v e r i f i e d ) .  

/ 3 8  2.3 .2 .3  - Propu l s ion  

The p ropu l s ion  s y s t e m  has  t h e  fo l lowing  two-fold f u n c t i o n :  

- o r b i t  c o r r e c t i o n  ( -800  m / 2 )  

- a t t i t u d e  c o n t r o l .  
4 2  



A convent iona l  hydrazine p r o p u l s i o n  w a s  s e l e c t e d  f o r  i t s  

implementation and i n s t a l l a t i o n  ease on t h e  s p a c e c r a f t  and 

d e s p i t e  i t s  weight handicap which i s  n o t  c r i t i c a l  i n  t h i s  p r o j e c t .  

This  sub-system i s  t h e r e f o r e  made up of an a l r e a d y  e x i s t i n g  
large d iameter  tank Lodged i n s i d e  t h e  c e n t r a l  t ube ,  a helium tank  
(p rov id ing  r e p r e s s u r i z a t i o n  of t h e  system i n  a mis s ion  e n v i m n -  

ment ) ,  12 l o w  t h r u s t  nozz le s  and 4 average t h r u s t  nozz le s  
f i g u r e  2 . 3 . 4 ) .  

(see 

This  s o l u t i o n  o f f e r s  a s imple ,  r e l i a b l e  and economical con- 
f i g u r a t i o n  and does n o t  r e q u i r e  any development. 

NRV 

Q 
NOZZLES NOZZLES 

2.3.2.4 A t t i t u d e  and O r b i t  Cont ro l  

A s  w e  have seen  i n  s e c t i o n  2 . 3 . 1 ,  a t h r e e  axis  s t a b i l i z e r  

and so la r  aiming system w e r e  r e t a i n e d .  During a l a r g e  p o r t i o n  

of t h e  o p e r a t i o n a l  phase,  t h i s  t ype  of skewed aiming enab le s  
t e r r e s t r i a l  aiming t o  be accomplished i n d i r e c t l y  and t h u s  fac i l -  
i t a t e s  t h e  l i n k s .  
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I n  normal mode, t h e  probe i s  c o n t r o l l e d  by a so la r  s e n s o r  

and a s te l la r  senso r  c o n t r o l s  t h e  i n e r t i a  wheel and low t h r u s t  

nozz le s .  

F i n a l l y ,  d u r i n g  t h e  fly-over phases ,  any u s e  of t h e  nozz le  

i s  excluded so a s  n o t  t o  d i s t u r b  t h e  weight  measurement of t h e  
as te ro id)  and t h e  o r i e n t a b l e  p l a t f o r m  s p i n s .  The s t e l l a r  s e n s o r  
and gyrometr ic  detector maintain t h e  a t t i t u d e  of t h e  spacecraft 
and c o n t r o l  t h e  n u t a t i o n  along a s i g h t i n g  axis of t h e  senso r ,  
They c o n t r o l  t h e  i n e r t i a  wheel system w i t h  one degree of freedom. 
The t u r r e t  o r i e n t e d  by an asteroid s e n s o r ,  d i v e r t i n g  from a dev- 

e l o p i n g  stellar senso r  w i t h  t h e  d i s t a n c e  p e r m i t t i n g ,  and by sc i en -  
t i f i c  o p t i c a l  i n s t rumen t s  i n  approach and wi thdrawal  phase.  

F i n a l l y ,  i n  a l l  cases, t h e  sbandby mode i s  a solar  aiming 
system. 

F i g u r e  2.3.5 shows t h e  g e n e r a l  c o n f i g u r a t i o n  of t h e  A . O . C . S .  

I I 

Cmtrol 

Electronlcs Gyro wck. 

Actuator ! Drive 
j Electronlcs 

- 1  I I I m Stel lalre 
I - 

Asrerolde 

F i g  2.3.5 - AOCS Subsystem 

2.3.5. Electr ical  Power Supply 

1 nozzles j 

I - 

1 4 0  

S i n c e  use of a n u c l e a r  reactor  i s  excluded,  t h e  on ly  power 
s o u r c e  a v a i l a b l e  is s u n l i g h t .  Accordingly,  t h e  a r c h i t e c t u r e  of 
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conven t iona l  and s imple ( see  f i g u r e  2 . 3 . 6 . )  and u t i l i z e s  a b a r  

concept  r e g u l a t e d  a t  2 8  V. 

I ts  elements  are t h e  fol lowing:  

-a so l a r  g e n e r a t o r  of abou t  16 m 2 supply ing  180 W t o  3 UA, 

-an NiCd b a t t e r y  of 16  Ah for  phases  when 

-A d i r e c t - d i r e c t  power r e g u l a t o r ,  
-A b a t t e r y  d i scha rge  r e g u l a t o r ,  
-A d i s t r i b u t i o n  and i n t e r f a c e  u n i t .  

So&ar aiming is  n o t  

p o s s i b l e  and when t h e  s o l a r  g e n e r a t o r  i s  inadequa te ,  

1 

1 

I 
F i g u r e  2 . 3 . 6 :  Subsystem - Elec t r ica l  Power Supply 

4-Solar gene ra to r ;  5-Load r e g u l a t o r ;  6-Discharge r e g u l a t o r ;  
7-Thermal c o n t r o l ;  8-Heaters; 9-Bat tery;  

1-Day r e g u l a t o r ;  2-27  DC V + - 1%; 3-To u s e r s ;  

2 . 3 . 2 . 6 .  - Communications System 

The ground s t a t i o n s  provided are  e i t h e r  t h e  WEELHEM s t a t i o n  

o r  t h e  D . S . N .  s t a t i o n s  used i n  S band ( r i s i n g  or  descending l i n k s )  
and i n  an X band (descending l i n k s ) .  

/ 4  1 

4 5  



2.3.2.6.1 - Radio -E lec t r i c  Links 

The radio-electric l i n k s  between t h e  s p a c e c r a f t  and t h e  
E a r t h  are e s t a b l i s h e d  according t o  t h e  fo l lowing  s t r a t e g y :  

.Edrth/Venus/Earth phase: a c t i v a t i n g  s p a c e c r a f t  aimed a t  sun 

through one of t h e  t w o  omnid i r ec t iona l  an tennas  and remote c o n t r o l  
of t h e  s p i n  t o  accomplish about t h e  Z axis t o  a i m  &Ik t h e  Ear th  
(rhythm TC=125 b/s TM=500 b / s ) .  

.Ear th /Astero id  phase: as long as t h e  probe  is a t  a d i s t a n c e  
of less t h a n  2 UA f r o m  t h e  sun, t h i s  phase i s  i d e n t i c a l  t o  t h e  
o n e  above. 

A s  of 2 UA when t h b  s a t e l l i t e  i s  a i m e d  a t  t h e  Ea r th ,  access 
t o  t h e  s a t e l l i t e  i s  cont inuous when i t  is n o t  i n  f ly -ove r  phase.  
The s tandby mode al lows t h e  s a t e l l i t e  t o  be accessed  v i a  a w i d e  

coverage h e l i x  antenna (rate -8 b/s w i t h  DSN network) .  

The t a b l e  below shows a summary of t h e  descending  l i n k  i n  X 

band (-8.4 GHzl ove r  t h e  WEILHEM s t a t i o n  ( t e l e m e t r y  + remote m e a s -  
u rement ) .  

Tube power 
Output losses 
Antenna g a i n  
Aiming loss 
Atmospheric losses 
Space a t t e n u a t i o n  ( 4  UA) 
G / T  WEILHEM 

BOLTZMAN c o n s t a n t  

43 
-0.5 
3 8 . 8  

-1 

-0.2 

-286.5 

48 
-198.6 

Descending L i n k  

dBm 
d B  

dB 
d B  

d B  

dB 

dB/K 
dB.  KHz 

Descending S / N  40.2 dBm.Hz 
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Modulation loss 
Loop band (48 Hz) 
Required S/N 

Margin 

C a r r i e r  Attachment 

- 3.5 dB 
16.8 dBHz 
10 dB 

9 .9  dB 
- 

/ 4 2  

Telemetry ( W i t h  M . D . )  

Modulation l o s s  - 4  dB 
Binary rate (500 b/s)  27 dBHz 

Demodulation loss - 1.5  dB 
E/No r e q u i r e d  - 4.6  dB 

3.1 dB 

By r e t a i n i n g  a d a i l y  v i s i b i l i t y  of 8 hours  and a s c i e n t i f i c  
i n fo rma t ion  volume of 256 M b ,  t h e  memory dump w i l l  t a k e  about  20 

days.  

2.3.2.6.2 A r c h i t e c t u r e  of t h e  Subsystem (See f i g u r e  2.3.7) 

A s  w e  have j u s t  s e e n ,  t h e  communications subsystem i n c l u d e s  

4 an t ennas  ( 2  omnid i r ec t iona l  a n t e n n a s ,  one w i d e  opening an tenna  
(-20°2 and a h i g h  g a i n  antenna 1 . 4  m ) .  + 

The r e c e p t i o n  of r i s i n g  s i g n a l s  is  accomplished u s i n g  t w o  S- 

band receivers i n  h o t  redundancy which p o i n t s  t h e  remote c o n t r o l s  
toward t h e  a i r b o r n e  management and t h e  remote measuring s i g n a l s  
e i t h e r  toward t h e  S band t r a n s m i t t e r  w i t h  5 W ( redundant )  or to- 
ward t h e  X-band t r a n s m i t t e r  of 20 W ( r edundan t ) .  

/43 

These t w o  t r a n s m i t t e r s  w i l l  a l s o  be used f o r  t r a n s m i t t i n g  
remote measurements. 
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As 

i 

Fig .  2.3.7 - Communications Subsystem 
Key; 1-X-band t r a n s m i t t e r ;  2-X-band t r a n s m i t t e r ;  

3-S-band r e c e i v e r ;  4-S-band r e c e i v e r ;  
5-S-band t r a n s m i t t e r ;  6-S-band t r a n s m i t t e r ;  
7-Relay. 

2.3.2.7. Airborne Management / 44  

I n  a d d i t i o n  t o  remote c o n t r o l  d i s t r i b u t i o n  and t e l e m e t r y  
f o r m a t t i n g ,  t h i s  subsystem provides  t h e  fo l lowing  f u n c t i o n s :  

-process ing  of s c i e n t i f i c  t e l e m e t r y  (compression i f  r e q u i r e d )  
and i t s  s t o r a g e .  

-autonomous management of t h e  s p a c e c r a f t  and of t h e  payload  

d u r i n g  a l l  phases ,  i n c l u d i n g  the  s tandby phase ,  based on sequences  
and a p p l i c a t i o n  software s to red  on boa rd .  

The subsystem is  organized around a d a t a  p r o c e s s i n g  s t r u c t u r e  
i n c l u d i n g  a c e n t r a l  management u n i t  l i n k e d  t o  t h e  v a r i o u s  sub- 
systems of t h e  s p a c e c r a f t  by a OBDH series bus ,  
s t o r a g e  of 256 Mb. 

i s  accomplished e i t h e r  w i t h  the OBDH b u s ,  o r  w i t h  a r a p i d  

4 8  

a bubble  m a s s  

The a c q u i s i t i o n  of t h e  s c i e n t i f i c  t e l e m e t r y  



i n t e r f a c e  f o r  o p t i c a l  ins t ruments  (see f i g u r e  2 .3 .8 ) .  . 

F i g  2.3.8 - Subsystem - Airborne Management 

Key: l-Bubble memory (256 MBITS); 2-GA C a m e r a ;  
3-Compressor computer; 4-HR C a m e r a ;  
5-Rapid t e l e m e t r y  processor; 6-High-speed. l ine;  
7-Management processor ;  8-Artery I /F;  
9 -P la t fo rm S/S; 1O-CU i n t e r f a c e  u n i t ;  
ll-Magnetometer;. 

2 . 4  - System Ana lys i s  /45 

T h e ' p r e l i m i n a r y  weight  a n a l y s i s  shown i n  t a b l e  2 . 4 . 1  reveals 
a margin of 130 kg and m a k e s  it posskb le  t o  conclude t h a t  t h e  
miss ion  i s  f e a s i b l e  w i t h  t h e  proposed concept .  

The power a n a l y s i s  shown i n  t a b l e  2 . 4 . 2  cor responds  t o  t h e  
f ly -ove r  mode which i s  considered t o  be dimensioning i n  a f i r s t  
a n a l s y i s .  
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Tab le  2 . 4 . 1  Weight A n a l y s i s  

PAY LOAD PLATFORM 
CGA 5 .0  STRUCTURE-MECHANI SMS 100 .00  
CHR 13 .0  THERMAL 20.0 

6 .0  PROPULSION 2 8 . 1  RADAR 

+ ELECTRONIC 1 9 . 0  TM/TC AIRBORNE MANAGEMENT 92.5 

ATT. AND ORB. CONTROL 45.0 IRSP- 17.0 

MAGNETOMETER 1 . 0  AIRBORNE POWER SUPPLY 67 .8  

+ ELECTRONIC 3 . 0  ( i n c l .  GS a n d  ba t t e ry )  67 .8  
7.5 HARNAI S 15 .0  TEST WEIGHT 

UNIDENTIFIED 
TESTS 20.5 -- 

S/TOTAL 9 .15  S/TOTAL 368.4 

DRY TOTAL 460 
DRY MARGIN 130  
DRY AVAILABLE 
WEIGHT 590  

PROPELLENTS 279 
LAUNCH MASS 870 Kg 

Tab le  2.4.2 Power Analysis  

Average P 

P a y l o a d  53 

D a t a  management 3 0  
TM/TC 6 
A t t .  a n d  O r b .  ( I  

c o n t r o l  1 0 3  
P r o p u l s i o n  0 1  
Thermal  5 0  

A i r b o r n e  power -- 1 0  
252 W 

Peak P 

179  
75 

6 

132 
0 

50. 
1 0  -- 

452 W 

G S  P 
3 4  

30 
6 

52 
0 

50  
1 0  

1 8 2  W 

B a t t e r y  

115 
E 

0 

1 0 0  
0 

0 

0 
215 Wh 
-- 



2.5 Operat ions and Ground Segment /46 

2.5 .1  Summary of Opera t iona l  Requirements f o r  t h e  VESTA Mission 

a )  Launching and Parking Orbi t  

T h e  probe i s  i n e r t  u n t i l  t h e  time of s e p a r a t i o n  and i m j e c t i o n  
i n t o  h y e r b o l i c  o rb i t .  

Th i s  phase does n o t  r e q u i r e  s p e c i a l  o p e r a t i o n a l  means on 
t h e  French p a r t .  The launcher W i l l  be  monitored by t h e  S o v i e t s  
(boats). . 

b) I n j e c t i o n  and C l o s e  O r b i t  

The o r b i t  parameters  of abou t  15 minutes  a f te r  s e p a r a t i o n  
w i l l  be  p rov ied  t o  t h e  ground segment. 

Th i s  phase i s  re la t ive ly  c r i t i ca l  because  t h e  probe  w a s  j u s t  
a c t i v a t e d  wi th  ground antennas w i t h  a s m a l l  diameter (9-15 m l  
i n  t h e  f irst  hours  t h e n  w e  w i l l  move on t o  WEILHEIM t y p e  30 m 
an tennas .  

c )  Earth/Yenus and Venus/Earth 

I n  t h i s  phase complete  conkrok s e s s i o n s  are made of t h e  

s p a c e c r a f t  and of t h e  payload eve ry  2 months and ove r  a 15  day 
p e r i o d .  

S i m p l i f i e d  con t ro l  s e s s i o n s  are performed eve ry  week f o r  8 

hour s .  

d )  Passage n e a r  t h e  E a r t h  

Con t ro l  sequence of t h e  payload: s i m u l a t i o n  of approach and 
f ly-over phases .  
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e )  Cruise  Toward an Asteroid 

The ground segment func t ions  and t h e  o p e r a t i o n s  performed 

are i d e n t i c a l  t o  t h e  EARTH/VENUS and VENUS/EARTH Phase.  

f )  P r i o r  t o  t h e  F l i g h t  Over an Astero id  

Cr i t i ca l  phase of t h e  mission.  S t a t i o n  coverage 24H/24. 
The t r a j e c t o r y  corrections a r e  made a f t e r  a n a l y s i s  of images 
from t h e  nav iga t ion  camera. The communication means of s t a t i o n s  

a t  t h e  c o n t r o l  c e n t e r  w i l l  be dimensioned. The same w i l l  be 

t r u e  f o r  d a t a  p rocess ing  m e a n s .  

g )  F l i g h t  Over an As te ro id  /47 

No a i rborne /ground l i n k  du r ing  t h e  f l i g h t  over  an a s t e r o i d .  
The a i r b o r n e  memory of  256 M B i t s  is loaded wi th  payload  d a t a .  

h )  A f t e r  F l igh ing  over  an Asteroid 

A f t e r  f l y i n g  over  a n  a s t e r o i d  a t r a j e c t o r y  c o r r e c t i o n  is  
made, then  t h e  c o n t e n t s  of the a i r b o r n e  memory is  dumped on 

ground s t a t i o n s  adapted f o r  this o p e r a t i o n  (X-band, l a r g e  diameter 
an tenna ) .  

Th i s  phase i s  the m o s t  l i m i t i n g  today because of t h e  dump 
t i m e .  

Memory t o  dump of 256 M B i t s .  

D i g i t a l  ra te  500 B / s  + 1 memory dump i n  18  e i g h t  hour  s e s s i o n s .  

I f  the memory i s  dumped t w i c e  f o r  a f l i g h t  over  an  asteroid,  
and if 6 a s t e r o i d s  a r e  in sepc ted ,  w e  o b t a i n :  

216 EIGHT HOURS S E S S I O N S  W I T H  LARGE DIAMETER ANTENNAS 
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This  g i v e s  v i r t u a l l y  1 YEAR of s u p p o r t  f o r  DSN t ype  s t a t i o n s .  

This  c o n d i t i o n  i s  v i r t u a l l y  imposs ib le  t o  accomplish.  I t  

i s  t h e r e f o r e  i n d i s p e n s a b l e  t o  review t h e  d i g i t a l  r a t e  t o  o b t a i n  

a c c e p t a b l e  dump t i m e s .  

For  comparison: 

AGORA MISSION: D i g i t a l  rate < 1 . 6  KB/s X-Band 
GIOTTO MISSION: D i g i t a l  ra te  of 1 0  KB/s t o  40 KB/s X-Band 

ISPM MISSION: D i g i t a l  r a t e  of 8 KB/s X-Band, Dis tance  1 UA. 

2.5.2 P re l imina ry  A r c h i t e c t u r e  of t h e  Ground Segment 

The p r e l i m i n a r y  a r c h i t e c t u r e  which was r e t a i n e d  t o  s t u d y  
phase  Q w a s  e s t a b l i s h e d  on t h e  fo l lowing  assumptions:  

-Mission employing Deep-Space t y e p  s t a t i o n s  i n  c e r t a i n  phases .  

-24H/24 s t a t i o n  v i s i b i l i t y  i n  t h e  c r i t i c a l  phases  of t h e  miss ion .  
- U s e  of a s m a l l  d i ame te r  antenna (S & X Band) i n  close o r b i t .  
-Lack of in fo rma t ion  on depa r t ing  o r b i t  ( s t a t i o n  v i s i b i l i t y )  
- I n s t a l l a t i o n  of a c o n t r o l  c e n t e r  and mis s ion  e n t i t y  on t h e  C.S.T.. 

2.5.2.a .  S t a t i o n s  /49 

The s t a t i o n s  which w i l l  be r e t i n a e d  f o r  t h e  VESTA m i s s i o n  
s h a l l  f u l f i l l  a c e r t a i n  number of cr i ter ia ;  

- t r ansmiss ion  and r e c e p t i o n  i n  S-Band ( 2  GHz). 
- r e c e p t i o n  i n  X-Band (8 GHz, f o r  a i r b o r n e  memory dump). 
- a v a i l a b i l i t y  f o r  m i s s i o n .  
-cost of m i n i m u m  s u p p o r t .  

The u s e  of  l a r g e  diameber an tennas  ( 6 4  m) poses  problems 
w i t h  DSN ( a v a i l a b i l i t y )  . However because of improvements provided  
on t h e  DSN 34 m an tennas  the re  i s  p o s s i b l y  a s o l u t i o n .  
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SUMMARY O F  OPERATIONAL REQUIREMENTS 

<I. 5H mu" INERT PROBE 
Soviet Tracking 

1" 
& CLQSE - >3 * 9-15 M S 2-3 H 
ORBIT or 

30 M X&S >3 H 

No 

'IM-160 to 500 BPS YES 
E - 1 5  I~ 100 BPS 
m: Dappleri+JDI 
ET-cu vExLETcATIoN 
T R A J E . m 1 0 N s  

No 1 34 M X 1 D/WEEK 734-200 BPS (HSK) 
CKJISE 

2 I .34-64 M X & S  15 D/ 
2 mNTns 

64 M X.'& s 15 D/ PRIOR TO a3 
FLY-OVER - 24 y/24 

No SPACECRAET/Gw3uND LINK few H to  mGHT 
.OVER 
ASTEROID fw D 

- > 6 4  M X & S  f e w D  

E: Doppler-MDI 
TM-500 BPS No 
Tc-15 to 100 Bps' 
E: Doppler-MDI 
cu C m l X o L  

m > 500 BPS YES 
x 7 15 to 100 BPS 
m: Dappler MDI 
Image proCesZing 
Nav Gmra 

No REIZORDING QF AIRBORNE 
MEWIRY 

m: D3ppler-MDI NO 
TRAJE. COFUEfkTONS 

?PIER 1+1 6 4  M X & S 2.5 MDNTHS MEXIRY DIMP NO 
FLY-CNER (360 MB) 

'IM > 500 BPS to 
1 KBPS 

TC'-15 BPS 

This  RF a n a l y s i s  w i l l  be conducted i n  phase A.  

Other USUDA t y p e  antennas (I .  S . A .  S. ) or  PARKES an tennas  
(E .S .A .  GIOTTO m i s s i o n )  are compatibel on t h e  RF p l a n ,  b u t  t h e i r  
c o m p a t i b i l i t y  remains t o  be s tud ied .  
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P O S S I B L E  NETWORK O F  STATIONS TECHNICALLY COMPATIBLE WITH 
THE VEHICLE / 4 9  

CUES (TOULOUSE) 

CANBERRA RADRID USUDA J 
60LDSTONE 
(64 R) (64 R) (64 H) 

. The m o s t  d i m i t i n g  a s p e c t  of chos ing  s t a t i o n s  is  t h e  d u r a t i o n  /SO 
o f  t h e  dump o p e r a t i o n s  (1 year  approximately a t  500 B / s ) .  These 

o p e r a t i o n s  should  n e c e s s a r i l y  be reduced i f  one wants  t o  f i n d  a 
s u p p o r t  f o r  t h e  miss ion .  

A s o l u t i o n  t o  t h i s  problem c o n s i s t s  of i n c r e a s i n g  t h e  d i g i t a l  

rate of t h e  dump and t o  perform t h i s  o p e r a t i o n  as close as p o s s i b l e  
t o  t h e  E a r t h .  

M I S S I O N  DISTANCE S C I E N T I F I C  TEM RATE STATION 

.VESTA 4 UA 500  B / s  t o  1 KB/s DSN 6 4  M 

. GIOTTO 1 UA 2 0  KB/S t o  4 0  KB/S PARKES 6 4  M 

Only t h e  m i s s i o n  a n a l y s i s  may d e t e r m i n e  a t r a j e c t o r y  upon 
which t h e  se lec t ion  of s t a t i o n s  and s u p p o r t s  r e q u i r e d  w i l l  be 
opt imized .  

This " p i l o t "  t r a j e c t o r y  is i n d i s p e n s a b l e  i n  phase A i f  a n  
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a c c u r a t e  

of costs  

2.5.2.b 

The 

RF a n a l y s i s  i s  to  be made as w e l l  as a f i n e r  estimate 
and of d i f f i c u l t i e s  fo r  l a t e r  phases .  

Cont ro l  and M i s s i o n  Center  

c o n t r o l  and miss ion  c e n t e r  i s  made up o f  t h r e e  e n t i t i e s :  

-CCM: Con t ro l  and Mission C e n t e r  
-COM: Orbitography and Maneuver Center .  
-COR: Network Opera t ions  Center .  

This  a r c h i t e c t u r e  w a s  b u i l t  on the assumption t h a t  t h e  c o n t r o l  
c e n t e r s  w e r e  over CNES. 

I n  phase  A, w e  w i l l  s tudy  t h e  f e a s i b i l i t y  of a c o n t r o l  
c e n t e r  which is p a r t i a l l y  or t o t a l l y  o u t s i d e  of C.S.T. ( E . S . O . C . ) .  

2 .6  S p e c i a l  Study P o i n t s  

2.6.1 Mission Analysis  

I t  i s  now acqu i red  t h a t  t h e  VESTA m i s s i o n  w i l l  n o t  be ready 
fo r  t h e  1991  launch window. 

An a n a l y s i s  of mis s ion  phase A s o u l d  t h e r e f o r e  account  for 
t h e  f o l l o w i n g  window (Novebemr 1 5  1992 - February 1 0  1 9 9 3 ) .  

The s t u d y  of phase 0 has  shown c e r t a i n  f l a w s  i n  t h e  d e t e r -  
mina t ion  of p o t e n t i a l  t a r g e t s  which w i l l  have t o  be c o r r e c t e d  i n  
phase  A. 

An a c c u r a t e  and f u l l  d e s c r i p t i o n  of t h e  t ra jector ies  i s  
necessa ry  f o r  spacecraft s t u d i e s .  Cons ide rab le  e f f o r t  s h a l l  
t h e r e f o r e  be accomplished i n  t h i s  d i r e c t i o n .  

The problem of t r a c k i n g  and n a v i g a t i o n  h a s  n o t  been i n v e s t i -  
I t  i s  e s s e n t i a l  t o  q u i c k l y  know gaged i n  d e t a i l  u n t i l  now. 

/52 
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MANAGEMENT 
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CONTROL AND ' MANAGEMENT 

- - - - - - - - - - - - - - - - -  
MANEWERS TO BE IMPLEMENTED 

TH-CU 

IMAGE PROCESSING 
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(December 1985)  t h e  t r a c k i n g  and n a v i g a t i o n  performances 

a c e s s i b l e  by an  a i r b o r n e  o p t i c a l  system. 

For o t h e r  n a v i g a t i o n  phases ,  an a n a l y s i s  of t h e  t r a c k i n g  
requi rements  should be conducted ( i n c l u d i n g  o p e r a t i o n a l  needs)  
t o  be a b l e  t o  d i s c u s s  w i t h  o the r  members on a s o l i d  t e c h n i c a l  

b a s i s .  

2.6.2 Payload 

.Complementary f e a s i b i l i t y  s tudy  of t h e  A l t i m e t e r  Radar/ 

Radiometer - d e t a i l e d  t e c h n i c a l  i n s p e c t i o n  and s i m u l a t i o n  tests.  

.Complementary f e a s i b i l i t y  s tudy  of de te rmining  t h e  mass of 
an a s t e r o i d  by measuring t r a j e c t o r y  changes of a t e s t  m a s s  dropped 
from an  autonomous s p a c e c r a f t .  

T h i s  s tudy  w i l l  be  conducted on t h e  fo l lowing  2 methods: 

- d i r e c t i o n  changes using a n  o p t i c a l  t e l e v i s i o n  in s t rumen t ;  
- d i s t a n c e  changes a t  high a l t i t u d e s .  

E s t i m a t e  of t r a j e c t o r y  changes by measuring = 

.Determining t h e  t y p e  of aiming system fo r  t h e  p l a t f o r m  
which may be o r i e n t e d  over t h e  as teroid so t h a t  t h e  r e l a t i v e  

v e l o c i t y  a t  t h e  s u r f a c e  is a s  slow as p o s s f b l e .  

.Defining t h e  imagery s y s t e m  and i t s  performances,  t h e  high 
r e s o l u t i o n  camera r e q u i r e d  f o r  t r a j e c t o r y  c o r r e c t i o n  maneuvers 
d u r i n g  t h e  n a v i g a t i o n  phase.  

. D e f i n i t i o n  of a Q u a l i t y  Assurance p l a n  a p p l i c a b l e  t o  t h e  

h igh  r e s o l u t i o n  camera w h i c h  f u l f i l l s  t e c h n i c a l  f u n c t i o n s  essen- 

t i a l  f o r  miss ion  success. 

.P re l imina ry  d e f i n i t i o n  of t h e  management module  of t h e  

payload du r ing  which focus  w i l l  be  g iven  t o  a i r b o r n e  d a t a  



r equr i r emen t s  l i nked  t o  t h e  ope ra t ing  t i m e  c o n s t r a i n t  of t h e  

ground segment. 

.Pre l iminary  d e f i n i t i o n  of image p r o c e s s i n g  on t h e  ground. 

.Par r e s e a r c h  on instmuments:\of phase A ,  it w i l l  be neces- 

s a r y  t o  g i v e  l a b o r a t o r y  suppor t  i n  t h e  form of recommendations 
and  advi-e  on t h e  u s e  of c e r t a i n  hardware and software and t o  
perform d e t a i l e d  appraisa1s: :of  t h e  f e a s i b i l i t y  s t u d i e s  conducted 

by  t h e s e  l a b o r a t o r i e s  on t h e  hard  p o i n t s  i d e n t i f i e d .  

.For t h e  use  of in s t rumen t s  a t  th.e beginning of phase B ,  

i t  w i l l  be necessa ry  t o  e s t a b l i s h  t h e  payload  s p e c i f i c a t i o n s .  

2.6.3 S p a c e c r a f t  

During phase A and based on a m o r e  a c c u r a t e  d e f i n i t i o n  of 

t h e  v a r i o u s  phases  and of the  mis s ion ,  m o r e  d e t a i l e d  s t u d i e s  
s h a l l  be undertaken on t h e  fo l lowing  p o i n t s :  

.Study of the.impact of inc read ing  t h e  volume under t h e  

nose cone allowable on t h e  c o n f i g u r a t i o n  and svstems s e l e c t i o n s .  

.Thel;mal s t u d i e s  for  w o r s t  cases ( h o t  and c o l d )  fo r  dimen- 
s i o n i n g  t h e  thermal  c o n t r o l  of t h e  payload  and of t h e  s p a c e c r a f t :  

e v a l u a t i o n  of t h e  p o s s i b i l i t y  of o p e r a t i n g  t h e  payload  i n  a n  

intiermedhate EARTH/VEWS/EARTH o r b i t .  

.Study f o  t h e  f l i g h t  c o n t r o l  of t h e  s p a c e c r a f t  and of t h e  

t u r r e t  d u r i n g  t h e  f ly-over  phases.  F e a s i b i l i t y  a n a l y s i s  and 
performance of an  a s t e r o i d  sensor .  

.Behavior tests of s o l a r  cells  under l o w  l i g h t i n g .  

.Performance of  s o l a r  gene ra to r  i n  extreme environments  
(hot and cold). 
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.Study of day r e g u l a t o r .  

.Impact of t h e  s p a c e c r a f t  autonomy c o n s t r a i n t  on a i r b o r n e  

management. 

2 .6 .4  Ground Segmenttoperat ions 

a )  Airborne/Ground Links: E f f e c t s  on Airborne  A r c h i t e c t u r e  

. U s e  of f r e q u e n c i e s  proposed by Svoiets f o r  LOC and a i r b o r n e  
memory dump (see N3 p r o t o c o l ) .  

+Effects on a i r b o r n e  a r c h i t e c t u r e ,  and on o p e r a t i o n s .  

. U s e  of a s i n g l e  frequency band (.2 GHz). f o r  any m i s s i o n  /54 

(dump d u r i n g  passage  n e a r  EArth or a t  1 U A ) .  

+Regula t ions ,  A i r b o r n e  A r c h i t e c t u r e ,  Opera t ions .  

b )  S t a t i o n s  

.To e s t a b l i s h  t h e  l i s t  of "Deep-Space" s t a t i o n s  wi th  t h e  

f o 1 1 owing char a c  t e r i  s ti c s : 

- r e c e p t i o n  i n  X-Band of s c i e n t i f i c  TM; 
- d i g i t a l  ra te  from 5 t o  1 0  kB/s; 
-G/T a l lowing  t h i s  TM t o  be  r e c e i v e d  a t  2.5 UA; 

-diameter of a e r i a l  less t h a n  34 meters. 

.Study of EUSUDA ( I .S .A .S . )  and PARKES ( E . S . A . )  s t a t i o n s  
w i t h i n  VESTA miss ion .  

c )  Opera t ions  

.To e s t a b l i s h  an o p e r a t i o n s  s c e n a r i o  based on t w o  " p i l o t "  
mis s ions  w i t h  agenc ie s  involved and any c o n s t r a i n t s  a t  o p e r a t i o n s  

leve 1. 
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.Based on a C o n t r o l  C e n t e r  l o c a t e d  a t  ESOC, f o r  example, 
t o  e s t a b l i s h  an o p e r a t i o n s  and.\ground segment scheme t o  be i m -  

plemented. 

Ground Segment 

Ana lys i s  of p r o c e s s i n g s  t o  be accomplished. 
Analys is  of hardware and software requi rements .  
A r c h i t e c t u r e  of t h e  ground segment. 

D e f i n i t i o n  of "image" products  and of r e l a t e d  p rocess ing  
o p e r a t i o n s .  

PROJECT MANAGEMENT /55 

3.1. Program Schedule 

3.1.1 S p a c e c r a f t  Development Program 

The developmentphi losophyretained should minimize t e c h n i c a l  
r i s k s  and costs. Given t h e  o r i g i n a l i t y  of t h e  miss ion  and t h e  

r e l a t e d  new t e c h n i c a l  c o n s t r a i n t s ,  t h e  model cha in ing  i s  t h e  fol- 
lowing : 

- q u a l i f i c a t i o n  model of t h e  s t r u c t u r e  and volume under  t h e  nose  
cone and thermal  test model (MSTh) 

- i d e n t i f i c a t i o n  model ( M I )  

-qua l i f ica tg ion  and f l i g h t  model (MOY) 

-second f l i g h t  model (MV) 

- replacements  f o r  m o s t  c r i k i c a l  equipment (MR) . 

The MSTh s t r u c t u r a l  model w i l l  sr&rifv t h e  r e s i s t a n c e  of 
t h e  pr imary s t r u c t u r e  t o  s t a t i c  l o a d s  and w i l l  a l low a dynamic 

a n a l y s i s  t o  be accomplished. S t a t i c ,  random v i b r a t i o f i s  and 

a c o u s t i c s  tests w i l l  t he re fo re  be conducted. On t h i s  same model, 
w e  w i l l  then  perform vacuum/sun tests t o  v e r i f y  t h e  ' thermal  

modekisa t ions .  
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The M I  model ~ w i l l , l . a l l o d  t h e  o p e r a t i o n  of t h e  i n t e g r a t e d  

s a t e l l i t e  t o  be  v a l i d a t e d  from t h e  e l e c t r i c a l ,  e l ec t romagne t i c  - 

and e lec t r ica l  c o n t i n u i t y  s t a n d p o i n t .  

F i n a l l y ,  on q u l a i f i c a t i o n  and f l i g h t  models, tes ts  w i l l  be 

performed oh v i b r a t i o n s ,  vacuum/sun and oh e l ec t romagne t i c  c o m -  
p a t i b i l i t y .  

MSTh i s  manufactured c o n c u r r e n t l y  w i t h  t h a t  of a s t r u c t u r a l  

model f i t t e d  w i t h  i n e r t  equipment d e l i v e r e d  t o  t h e  Soviet p a r t y  
a t  t h e  end of 88 for  conducting mechanical  tests on t h e  composite.  

3.1.2 Payload Development p lan  

I n  compliance w i t h  t h e  develonment p l a n  f o r  t h e  autonomous 
s p a c e c r a f t  7 models s h a l l  be developed p e r  experiment:  

. V o l u m e  X o d e l  = M.E. (VM) 

. S t r u c t u r a l  Model = E.S .  ( S M )  

. S t r u c t u r e  and Thermal Model = MSTH (STM) 

. I d e n t i f i c a t i o n  and Q u a l i f i c a t i o n  Model = M . I . Q .  (EM) 

.Protof l i g h t  Model = P.V. (PFM) 

. F l i g h t  Model = M.V. ( F M )  

.Spare Model = M.R. 

Table  3.1.2 shows: 

.The d e f i n i t i o n  of t h e s e  models; 

. t h e i r  use;  

. t h e  d e l i v e r y  d a t e  t o  CST of t h e s e  models f o r  p r e - i n t e g r a t i o n .  

The g e n e r a l  p lanning  of  t h e  VESTA Project shown i n  f i g u r e  /58 

3 .1 .1  a l l o w s  f o r  a 6 month margin which may be doubled if t h e  
PFM and MV2 a r e  i n t e g r a t e d  concur ren t ly .  
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3.2.  P lanning  

CNES q i l l  be  t h e  p ro jeck  c o n t r a c t o r  and c o n t r a c t o r  f o r  i ts  

t h r e e  main components (see f i g u r e  3.2.1)  : 

-system 
-space segment 
-ground segment. 

However t h e  s p a c e c r a f t  p a r t  of t h e  space  segment w i l l  be under 
an i n d u s t r i a l  c o n t r a c t o r  (nominally French)  w i t h  European p a r t i c i -  
p a n t s  fo r  t h e  subsystems. 

The i n s t r u m e n t s  w i l l  be developed under t h e  r e s p o n s i b i l i t y  of 
s c i e n t i f i c  l a b o r a t o r i e s  whereas t h e i r  i n t e g r a t i o n  w i l l  be accom- 
p l i s h e d  by CNES. 

The f i n a l  i n t e g r a t i o n  of t h e  s p a c e c r a f t  and payloads  as  w e l l  
a s  t h e  launch campaigns w i l l  be accomplished nominal ly  by a com- 
b ined  Industrial/CNES team. 

F i n a l l y ,  t h e  ground segment w i l l  c a l l  on ESA and on NASA f o r  
network a s p e c t s .  
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